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PREFACE TO THE FIFTH EDITION 

Although the last edition of this work was published only 
three years ago, the changes in the present edition are 
extensive. Practically every chapter has been carefully 
revised and new material added to each. 

In the chapter on water, filtration has been more 
fully discussed, paying special attention to the descrip- 
tion of rapid or mechanical filters. The subject of 
chlorination of water, which, since the experience of 
the last war, has assunied an important position has 
been specially dealt with. 

The disposal of refuse, incineration of night-soil and 
the different types of latrines used with so much success 
during the war have been described in detail. The 
chapter on disposal of sewage has been entirely recast, 
and a special article has been written on the activated 
sludge process. 

The chapter on insects has been practically re-written, 
and new articles on Conorhinus and Lice have been 
added. 

A fresh chapter on Fairs and Melas has been intro- 
duced and a new article on Anthrax has been added in 
the list of preventable diseases. 

Many old illustrations have been replaced by new 
and better ones, and about thirtyseven new diagrams 
have been added. Some of these illustrations have 
been taken from The Medical History of the War by 
kind permission of the Controller of H. M. Stationery 
Office. 

In the preparation of this edition I derived valuable 
help from “ The Medical History of the War,’’ specially 
the volumes dealing with the H^’^giene of the War ; 

Preventive Medicine and Hygiene ” by Rosenau ; “ Prac- 
tical Sanitation ” by George Reid ; ‘‘ Manual of Hygiene’^ 
by Glaister, and the “ Public Health Manual ” issued by 
the Government of Bengal. 



VI 


I wish to take this opportunity of expressing grati- 
tude to my friend Dr. Jahar Lai Das, D. P. H., who 
was associated with me as joint author, and whose valua« 
able collaboration contributed so much to the success 
of this book. To Col. A. B. Fry, I.M.S., Professor of 
Hygiene, Calcutta School of Tropical Medicine and Major 
A. D. Stewart, J.M.S., Professor of Hygiene, Calcutta 
Medical College, I am indebted for valuable help and 
suggestions ; and I am thankful to Dr. Santosh Kumar 
Mukherji, M.B., for going through the proofs and revising 
the index, and thereby considerably minimising my 
labour. 

Notwithstanding the utmost effort at condensation 
and elimination, it has been found necessary to increase 
the size of the book by seventynine pages. I trust,^ 
however, that the book will continue to maintain its posi- 
tion as an up-to-date and reliable text-book for students, 
and other public health workers in the tropics. 


Calcutta, 
May, 1924 


B. N. GHOSH 



PREFACE TO THE FIRST EDITION 


So much attention is being paid by the Government to the 
sanitation of India that no apology is needed for the 
appearance of this book. A book which is neither too 
large nor too small, written in the form of a text-book 
and having special reference to the tropical climates, has 
been a distinct want. But it must be said at the outset 
that we do not presume to replace any of the standard 
works on the subject — far from us be any such intention. 
On the contrary, we have drawn largely from most of 
those Avorks, and have received valuaj3le assistance from 
Notter and Firth’s Theory and Practice of Hygiene, Parkcs 
and KenAvood’s Hygiene and Public Health, Newsholme’s 
Hygiene, and McNally and Cornw^all’s Sanitary Handbook 
for India. Particular attention has been paid to the 
description of food, disposal of refuse and septic tanks. 
In the preparation of these portions aa'c are especially 
indebted to the works of Hutchison, MeCay, Burney Yeo, 
Sutherland, and Clemesha. A few pages have been 
devoted to the description of insects as carriers of diseases, 
and the chapter on infectious diseases has been written 
with special care, giving the latest information Avith regard 
to preventive measures. Besides the authors already allu- 
ded to, Ave are grateful to many others, especially to Sir 
Patrick Manson, Lefroy, Hehir, Sir Ronald Ross, and to 
Sir Pardey Lukis and Major Blackham, whose latest work 
on Tropical Hygiene has been of the greatest use to us. 

It has been our endeavour to make the treatise concise, 
thoroughly reliable, and up-to-date. * 


Calcutta, October, 1912 


B. N. GHOSH 
J. L. DAS 
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HYGIENE AND PUBLIC HEALTH 


CHAPTER I 
WATER 

Water, though not strictly speaking a food, is absolutely 
necessary for the maintenance of life, both animal and 
vegetable. It is mainly used as a solvent and diluent in 
the human economy, but for these purposes only a small 
quantity would suffice. With the progress of civilisatiori^ 
however, the demand for water has considerably increased 
and it is now required for : — 

1. Domestic use for the following purposes : — 

(a) As food for building the tissues of the body; 
maintaining the fluidity of the blood, and 
helping in the excretion of waste matters. ! 
(ft) Cooking and washing. 

(r) Personal cleanliness. 

^ 2. Municipal and trade purposes. 

^ 3. Hospitals. 

4. Washing stables and carriages, and for horses. 

A liberal supply of pure water is of primary sanitary 
importance. 

Quantity of Water required. — ^The amount of water 
required daily for domestic use varies greatly, and depends 
mainly on the habits of the peo ple and the particular 
sanitary arrangements of the place. From a sanitary 
stand point one should encourage a free use of water and 
at the same time dmeouxage unnecessary waste. For 
modern requirements of health and cleanliness a sufficient 
amount of water is of utmost value. The quantity of 
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water required has been variously estimated by different 
observers, Parkes and Kenwood give the following as 
the dail y allowance for all purposes : — 


Household 


'Fluids as drink 
Cooking 
Ablution 

Utensil and house washing 
Laundry washing 
^Water-closets 
Trade and manufacturing 

i Watering streets, baths, i 
Municipal s fountains, flushing sewers, ^ 
( and extinguishing fires ; 
Total 


Gallons 
per head. 

0.38 

0.75 

5.00 

3.00 

8.00 
5.00 
5.00 

5.00 


27.08 


A most important factor in the supply of pure water 
in a large city is the prevention of waste. While it is 
possible that certain amount of wastage is unavoidable 
the greater part of it is preventable. The principal 
causes of this waste are (a) faulty mains and service 
pipes ; (b) leakage from stop cocks in the house ; (c) storing 
water in reservoirs, etc., for daily use and throwing away 
the same every day ; and (d) allowng the water to run at 
night or when not required. 

In hospitals 40 to 50 gallons per head must be supplied 
daily. In Calcutta the daily allowance per head is as 
much as 32*6 to 39*7 gallons. 

A horse needs about 15 gallons and a cow 12 gallons 
per day. This amount, however, varies with the season 
tod the size of the animal. 


Sources of Water 

All water is primarily derived from the ocean^ and in 
tropical regions the evaporation of water into the air is 
very great, and it has been estimated that about 700 
gallons are evaporated every minute from each square 
mile of ocean surface. Winds blowing over a large expanse 
of water become laden with moisture, and as soon as 
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the cooling effect is produced by a lower temperature, 
it returns to the earth as rairii snow, dew, mist or hnil. 
It follows, therefore, that the condensed water from the 
air is the principal source of all our natural water supply. 
But the following are the common direct sources : — 

I. Rain Water. — Rain as it falls is the purest water 
which occurs in nature. On reaching the surface of the 
ground part of it is evaporated, part flows to form rivers, 
etc., and helps to feed tanks and lakes, while the rest 
percplates into the soil and in so doing absorbs carbonic 
acid from the ground air. In passing through the air 
it takes up certain gases chiefly nitrogen, oxygen, a little 
carbonic acid, traces of saline matter, common salt, 
sulphates, particles of suspended matter, soot, dust, 
microbes, etc. The composition of rain water therefore 
varies with the purity of the atmosphere through which 
it has passed. AA^hen collected from the surface of the 
ground the area should be especially constructed for the 
purpose and rendered impervious by cementing. The 
number of bacteria found in rain water in winter is less 
than in summer, and the water sometimes becomes 
coloured from the presence of protococcus pluvialis and 
spores of fungi. » 

Rain water in manufacturing towns is unfit for human 
consumption as it becomes mixed with sulphurous and 
sulphuric acid, soot, etc. When collected from the roofs 
of houses the first portion is usually dirty as it generally 
contains animal matter from the droppings of birds, 
street dust, eggs of insects, soot, etc., and should there- 
fore be thrown away. By fixing Roberts’ Rainwater 
Separator ” on the rain-water pipe the latter portion of 
rain water can be collected as it allows the first portion 
to run to was te. 

“Rain water is naturally free from pathogenic organisms, 
especially cholera and enteric germs. When a good 
supply of water cannot be had rain water may be used fo^ 
drinking purposes if collected and stored with proper 
precautions. It is very soft owing to the absence of salts 
of lime and magnesia, and is therefore suitable for cook- 
ing, washing, and bathing purposes. It is very palatable, 
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being much aerated, but it has a corrosive action on lead. 
No reliance can be placed on rain water as a continuous 
source of supply owing to the method of collection and 
storing in a manner which eposes it to all sorts of infec- 
tion ; Stegomyia calopus breeds by preference in arti- 
ficial cisterns holding rain water. 

^"The amount of rain which falls is measured by a rain 
gauge {q-v,)^ and is expressed in inches of depth. A 
rainfall of 1 in. in depth corresponds to about 4?2 gallons 
on a square yard, or 22,617 gallons (101 tons) on each acre. 

The following formula is generally used : — 

Area in sq. ft. X 144 xR . . i.- x. 

^ = water m cubic feet. 

1728 

R— rainfall in inches. 

In one cubic foot of water there are about gallons 
(6.23 gallons) of water. 

In estimating the annual yield of water from rainfall 
and the yield at any particular time, we must know the 
maximum annual rainfall, the minimum, the average, and 
the period of the year when it falls, and the length of the 
rainless season. 

JL Snow Water and Ice. — These are fairly pure, but 
if ice be derived from polluted water it is not free from 
danger. 

III. Upland Surface Water. — This is water collected 
and stored in hilly districts at the head of rivulets or 
streamlets. The water may be collected in some natural 
lakes as in Loch Katrine, for the supply of Glasgow, or 
in some artificially constructed lakes made by building 
an earth or masonry dam across the outlet of the valley, 
as in the cities of Bombay and Liverpool. Such a water 
nearly approaches rain water in purity. There is an 
absence of ammonia, nitrites and nitrates, and it is almost 
always soft and contains little dissolved saline. Fre- 
quently it contains dissolved organic impuntiS derived 
from sew^age and decayed vegetable matter. If the hills 
are covered with pea t the water may be brownish from 
dissolved peaty matter. Unless in excess this water is 
practically harmless, but if iny;)|:egnated with too much 
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peat it is said to give rise to diarrhoea. It can however 
be removed by running the water through a bed of sand. 
It has been shown recently that there are acid-producing 
bacteria in the peat, giving the water an acid reaction, 
and cases of “ plumbism ” have occurred from the use of 
such water distributed through lead pipes. When such 
water is used for drinking purposes it should be protected 
from pollution. 

IV. Springs derive their water-supply from the rain 
water which, falling upon a pervious surface as sand, 
gravel and chalk, and percolating through the soil, is 
accumulated there. This water is then known as the sub- 
soil or ground water, Reneath the pervious rock there 
is always at a greater or lesser depth a stratum of im- 
pervious character which holds up the water. The 
Surface of this stratum is however sloping, and the water 
runs along this until the impervious stratum reaches the 
surface of the soil, where it issues as a spring. Springs 
therefore may be regarded as natural wells outcropping 
where the geological formation is favourable. 

Springs are of the following kinds : — 

{a) Land Springs originate from percolation of water 
through beds of sand or gravel overlying an impervious 
stratum, and in fact are outlets of limited collections of 
subsoil water. They are often intermittent, ceasing to 
flow in summer (April to September) and starting again 
in autumn (October) after percolation has commenced. 

{b) Main Springs are deep-seated springs issuing 
from regular geological formations, e,g,, chalk, oolite, 
greensand, etc. They usually give a continuous supply 
with certain variations during the different periods of 
the year. 

(c) Intermittent Springs are usually found in valleys 
bounded by rivers and high hills. The flow depends on 
the amount of rain and subsoil water. 

{d) Hot or Thermal Springs, — Where volcanic erup- 
tions have ceased evidence of hitrh internal temperature 
is often to be found in springs which continue to maintain 
their heat even for centuries. Thermal springs are not 
confined to volcanic districts alone, they may arise even 



6 : 


HYGIENE AND PUBLIC HEALTH 


in plfteea hundreds of miles away from any active volcanic 
vent. As instances of this kind may be mentioned the 
SiiakoQnd Spring in India, and hot springs of Bath and 
Buxton in England. 

ySprings afford good sources of water-supply for small 
communities such as villages. Spring water as a rule 
is of a high degree of purity and since no mechanical 
means are necessary to draw the water it is less liable to 
contamination. The greater the degree of percolation 
the water undergoes, the more perfect is the filtration 
and more clear and bright it becomes. It is generally 
cool and palatable. Spring water is highly charged with 
carbonic acid gas obtained from the ground air ; aided 
by this and increased pressure it dissolves out lime and 
various mineral salts through which it passes, conse- 
quently it is hard and less suited for washing and cooking 
purposes . 

The tenxpejature of springs affords a convenient but 
not always a quite reliable guide of the relative depth 
from which they have arisen. Some are just above the 
temperature of ice, others issue at the temperature of 
boiling water, and between these two extremes every 
degree may be registered, since the temperature of the 
earth rises approximately about 1° F. for a depth of every 
50 ft. or 60 ft. 

'^Springs are also liable to contamination, therefore if 
water is used for drinking purposes it requires to be 
protected. Thus a leaky cesspool above a spring may 
contaminate the water directly. Stables, privies, etc., 
should be located at a considerable distance. The spring 
should be protected by a concrete wall which should 
extend well into the ground and thus protect pollution 
from surface washings. The surface water which would 
otherwise pollute spring water should be carried away 
by a specially constructed drain. 

Yield of a Spring . — This is estimated by taking a vessel 
of Jmown capacity and observing how long it takes the 
spring to fill it up. The output of the spring in one 
hour can thus be determined, and as the allowance per 
head is known the total quantity required is calculated. > 
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V. Wells.— A well is an artificial pit or hole dug below 
the water-level into which the subsoil water percolates.' 
Wells form an important source of water-supply in Indian 
villages. Formerly they were in use in certain towns 
also, but have now been abolished in favour of public 
water-supply which has been introduced in most towns. 
There are three kinds of wells : — 

{a) Shallow or surface wells. 

(b) Deep wells. 

(c) Artesian wells. 

(a) Shallow Wells . — Wells sunk into a superficial 
porous bed of sand or gravel which overlies an impervious 
layer of clay or rock are known as Shallow Wells. These 
wells draw mainly from the subsoil or ground water which 
percolates into them from the surrounding superficial 
soil, and therefore such water should be looked upon with 
suspicion, as it generally becomes contaminated by 
impurities from the surface of the soil. When contami- 
nated with animal pollutions such a supply becomes even 
more dangerous. These wells are very often situated 
close to drains, privies, and other sources of pollution, 
with the result that the offensive matters drain into them 
and make the water more foul. If the soil be of a porous 
nature these impurities percolate into the shallow wells 
whose water they highly contaminate. Trees grow at 
the edge, plants sprout from the lining, and dead leaves 
fall and rot in the water. Birds build nests in the cre- 
vices, and fish and turtles are frequently put in the well 
to keep it clean. Every user of the well brings his own 
vessel and rope for drawing water and the rope in the 
intervals of duty may tether a cow or lie in some dirty 
corner. In addition to these sources of impurities the 
surface well may also be a source of danger from more 
distant contamination. The supply of these wells is the 
underground stream moving steadily in the direction of 
its natural outlet, and heavy rains by raising the level of/ 
ground water may wash impurities from leaking cess-) 
pools, etc., into wells lying between and below the source) 
of contamination and the outlet (Fig. 1 ). f 
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The danger of pollution in the case of surface wells 
may be reduced if the walls are made of impervious mate- 



rial, as solid brickwork set in cement, or glazed earthen- 
ware tubes, or iron cylinders. The area round the mouth 
of the well should be made water-tight with r: inforeed 
concrete with a cement surface to form an impervious 
platform, and properly drained beyond what is known as 
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the cone of filtration {q,v. page 10), and brought up to 
about 2 ft. above the level of the ground in the form of 
a parapet wall to prevent surface washings from entering 
it. The upper part of this coping should be sloped to 
prevent vessels, etc., from being placed on it. The plat- 
form should be sloping all round and provided with a 
channelled drain leading to a pucca drain which carries 
the water at a distance. The well should be protected 
by a cover provided with holes for ventilation. Triey 
should always be at a distance from any habitation, 
and at least 50 ft. away from any source of pollu- 
tion. 

Shallow wells should whenever possible be avoided, 
but if at all used they should as far as possible be improved 
or reconstructed. As an additional precaution a layer of 
gravel covered by a deep layer of sand should be deposited 
on the bottom. 

J Norton^ s Abyssinian Tube Wells are used when a 
temporary supply is wanted. Tliese consist of tubes 
screwed one over the other and are commonly 20 ft. to 
25 ft. deep. To construct one a hole is made in the soil 
about 4 ft. to 5 ft. deep, and the first part of the tube 
which has a perforated steel point at its lower end ham- 
mered in. Successive lengths of tubes are driven into the 
soil, one length being screwed on to the other. When 
the subsoil water is reached a pump is fixed and the 
first portion is drawn out till clear water is avail- 
able. 

These wells are more suitable for gravel, chalk, and 
other water-bearing strata, but the sajodyJijed of an old 
river is an ideal place, as hard rocks prevent the tube 
from being driven down. 

Although these tube wells are somewhat superior to 
surface wells, the same objections may be urged against 
them as they do not go down deep. 

(5) Deep Wells, — I)eep wells are those which pass 
through a superficial porous bed and an underlying imper- 
vious stratum to reach the water-bearing strata. The 
casinif of these wells also to be made of some imper- 
meable material as described under shallow wells and 
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should extend as deeply into the well as possible, or 
down to the level of the impervious stratum, so that 
the water percolating from the surface will have to pasa 
through the soil before entering the well. During this 
passage the organic impurities will to a certain extent 
be removed. 

Deep wells are generally good sources of supply on 
account of the efficient filtration the water undergoes. 
They are singularly free from organic impurities. In- 
organic impurities are sometimes common which render 
them unfit for domestic purposes. They may also con- 
tain an excess of lime and common sal^. But neverthe- 
less they are exposed to contamination from sources simi- 
lar to those of surface wells, especially w^hen they are sunk 
in a pervious stratum like chalk or sandstone, and they 
should be constructed and protected as shallow wells. 

(c) Artesian Wells . — These are formed when a boring 
taps the water in a pervious layer lying between twa 
impervious ones — the pervious layer having its outcrop on 
the surface at a much higher level than the point where 
the hole is made. The water when so tapped will avail 
itself of this artificial channel and will rise or even gush 
out above the ground. These are so called after the old 
province of Artois, where they have been in use for a 
long time. 

Area drained by a Well. — This is usually about four 
times the depth of the well and may be even more. 
Roughly, a well drains an area around it which may be 
regarded as an inverted cone the apex being represented 
by the bottom of the well. This drained area is popular- 
ly known as the “ cone of filtration.” If a shallow well 
be hard pumped the distance drained may exceed the 
above area. It follows, therefore, that if there be any 
source of pollution within this area contamination will 
inevitably occur. This draining will depend on the nature 
of the soil and the amount of depression of the water-level 
due to pumping. Care should therefore be taken to select 
a site where any such contamination is impossible, and 
the distance of the well from such polluting source should 
be 100 to 1 60 times the difference in the level of the water 
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in the well that might possibly be produced by hard 
pumping. 

Sources of Pollution. — The following are the principal 
sources : — 

1. Cesspools, privies, pervious drains and other collec- 
tions of filth near about are mostly responsible for the 
pollution of ordinary wells, as connection may be estab- 
lished after a sudden rise in the subsoil water or by per-^ 
eolation (Fig. 1.) 

2. Rivers, — By direct connection dirty water may 
gain access to a well ; this is rare. 

3. Graveyards, especially when subsoil water comes 
up to the level of the buried bodies. 

4. Cracks or fissures in the soil which may result 
from an earthquake. 

5. Trees by sending roots down may help in admitting 
surface water into wells. 

6. Rat holes near about the well may help polluting 
matter to pass into the well. 

To ascertain whether a well water is polluted and the 
source through which the polluting material reaches the 
well, solutions of common salt, lithia salts, alkaline solu- 
tion of fluorescin, paraffin oil or an emulsion of bacillus 
prodigiosus are employed. These when introduced inta 
drains, cesspools, or other supposed sources of mischief 
may be found in the well water, if the suspicion be correct,, 
by virtue of their colour, taste, or chemical properties 
even though largely diluted. 

It may be observed that a highly contaminated water 
becomes clear and deprived of its suspended organic 
matter during its passage to a shallow well. The appear- 
ance of the water under such conditions becomes decep- 
tive, but nevertheless it retains its dangerous properties. 
The sparkling appearance and palatability are due to 
dissolved CO 2 gas. Polluted water of shallow wells is 
hard, and therefore unfit for domestic uses. 

Examination of Wells. — In examining a well the 
following points deserve attention : — 

(a) Any source of pollution within 200 ft. to 300 ft. 
of the well. 
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(ft) Whether any adequate or proper coating lines the 
'Sides of the well, or whether there are cracks or fissures 
-on the sides, 

(c) Depth of the well. 

(d) Depth of the water in the well. 

(e) Nature of the soil in which the well is sunk. 

(/) Purposes for which the well is used. 

(g) Average quantity of water daily drawn. 

(ft) Habits of the people using it. 

(e) The way in which waste^water is disposed of. ^ 

( ?) Whether there has been any recent rain, if so, its 
nature. 

The yield of water from a well can be determined 
by pumping water out to a certain level and noting the 
length of time reejuired in its regaining the original level. 

Ideal Well. — An ideal well should satisfy the following 
conditions : — 

1. It should always be sunk in a good soil. 

2. The casing of the well should be made of solid 
brick work and lined with cement about 1 in. thick and 
the water should come only from the bottom. The 
joints should be made water-tight if the well is lined with 
pipes. The outer surface between the casing and the earth 
should be thoroughly rammed in with [)uddled clay to 
prevent the admission of surface water into the well 
(.see Fig. 2). 

3. The surrounding area (platform) at the top should 
be so sloped as to allow water to drain off readily. 

1. The well should be provided with either a pump, 
which should be fixed on the platform, or a special bucket 
and chain or rope, and no other vessel should be used for 
drawing up water. 

5. The area surrounding the well to about 6 ft. all 
round the opening should be made pucca so as to convert 
it into a masonry platform with a proper slope. No 
washing of clothes should be permitted there. 

6. All rat holes, hollows, and foul tanks near about 
should be filled up and adjoining trees cut down. 

7. The top of every well should have a suitable cover- 
ing writh openings for ventilation. To facilitate cleansing 
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climbing hooks should be fixed to the wall at the time 
of it . 

8. It should be at a considerable distance (250 ft.) 
from any sewage farm> open drain, or trenching ground,, 
or any source of pollution, and at a reasonable distance 
(80 to 100 ft.) from any human habitation or buslee. 



Fig. 2. — An I dead Well. 

A, Chanelled drain ; B, Platform ; C, Chain, 
pulley, and bucket ; D, Cement lining ; 

E, Brickwork ; F, Puddled clay, 

^ Cleansing of Wells. — All Avells must be dewatered and 
thoroughly cleansed at least once a year. Cleansing is best 
done at the close of the hot season when the water remains 
at its lowest level. The water of a well which has neither 
been used nor cleansed for some tiriie contains a large 
amount of organic matter and should therefore be clean- 
sed before using. C leansing is done by scraping the sides 
and removing all mud and rubbish which block the porei? 
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at the bottom of the well. The sides and the bottom 
^ihould then be covered with quicklime. 

Deep Tube Wells. — Recently deep tube wells have 
been inttoduced for the supply of drinking water. Their 
depth usually varies from 100 to 500 feet depending 
upon the strata, and ordinarily yields from 1000 to 
5000 gallons of water per hour, but this depends upon 
the diameter of the tube. 

The water obtained from these wells specially in Bengal 
is as a rule pure. Thus the water from some of the 
wells do not show faecal bacilli in 60 c.c., while others 
show evideiices of faecal contamination. This contamina- 
tion generally takes place during construction. Faults 
in the substrata may cause leakage in the subsoil water 
and may cause pollution. 

These wells require to be carefully managed and one 
must know the limitation of their working speed as they 
silt up if the rate of pumping exceeds the critical vel ocity. 
'WherT water is drawn the level of the water in the well 
is lowered and as a consequence thereof the water will 
tend to flow into it from the surrounding ground. The 
area within which the level is appreciably lowered is called 
the “ circle or cone of influence.” 

1. The closed or driven well. — In this form the well 
tube is closed and pointed at one end, and perforated at 
some distance therefrom. This tube is driven into the 
ground until it penetrates the water-bearing stratum. 
This method of boring is done with shallow tube wells, 
but where the depth exceeds 75 to 100 ft. the method 
of sinking is different. 

2. In the other form the boring is done by an outer 
tube consisting of a steel cutting wedge screwed on to the 
end. This is subsequently replaced by an inner tube or the 
well proper. In this process a strong stream of water is 
run which escapes in one or more jets near the end of 
the pipe, and the loosened earth is carried to the surface 
by this water. It has therefore a great sanitary signi- 
ficance, for if a bad water is used it will infect the new 
tube well water which may take several mpnths to 
clear. 
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VI. Tanks. — ^Tanks are good sources of water-supply 
if free from pollution, and are perhaps the only sources of 
water in most villages ; but they are commonly made 
foul by being used for washing and bathing purposes, by 
the passage of excrement direct into the water, and by 
rotten leaves and other impurities. There should be very 
little chlorine in tank water. The presence of chlorine, 
nitrites, and ammonia makes the water suspicious. 

Common sources of pollution of tanks in Indian villages 
are : — 

1. Insanitary habits of the people. 

2. Cattle washing. 

3. Steeping of jute and bamboo. 

4. Contamination by decayed leaves, weeds, and 
vegetable matter. 

5. Surface drainage from foul areas around the tank. 

When tanks are used for drinking purposes the follow- 
ing points should be attended to : — 

(a) They should be excavated in a good soil having 
jgood surroundings : “ ma4e^ soil ” and loose sandy soil 
having filthy ponds and cesspits in the vicinity should 
be avoided. 

(b) They should be large, of a regular shape and deep. 
The water surface should be about three bighas (one acre), 
with a catch-water area surrounding it of equal extent. 

(c) Banks should be properly sloped and covered with 
grass, and the edge or shore should be higher than the 
level of the surrounding land, so that no water can enter 
the tank except the direct rainfall over the cqnserved 
area supplemented by subsoil water from the bottom. 

(d) They should be fenced in or enclosed by railings. 
Trees should be planted at a fair distance to keep away 
dust. 

{e) No bathing or washing of clothes or utensils 
should be permitted, nor should there be any steps or 
ghats* An ideal arrangement is to employ a special man 
with a separate bucket, or to fix a hand-pump. 

(/) Arrangements for drawing water from a platform 
or jetty should be made and no one allowed to get into 
the water. 
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(g) They should always have fish, especially of the 
smaller variety, which by feeding on mosquito larvae and 
other organic impurities help to keep the water pure, 

(ft) No fishing or rowing should be allowed. 

(?) Weeds should be removed as soon as they have 
grown, and the tank emptied and re-excavated whenever 
the water deteriorates in quality. 

Except when the precautions given above can be 
strictly observed, tank w^ater should not be used for drink- 
ing purposes. 

Tank water deteriorates in the hot weather from 
putrefactive changes and improves during the rains by 
dilution with rain water. Tanks for water-supply in 
course of time become stocked with water plants, and the 
annual decay of the plants gradually forms a layer of 
very offensive mud at the bottom. Certain filamentous 
green weeds, having the same specific gravity as water, 
float in layers of several feet in depth and when they die, 
sink, and give off HgS. 

VII. Rivers and Streams. — River water is a mixture 
of surface and spring water, and usually contains the 
impurities to be found in both of them. Rivers and 
streams are the natural sewers of the regions they drain 
and are therefore highly polluted. In India rivers furnish 
the chief sources of water supply. Where the flow 
of water in a river is enormous compared with the volume 
of polluting matter entering, and the water is imjBpynded 
in reservoirs for subsidence, and the clarified w^ater is 
finally subjected to most careful filtration, a good potable 
water may be the result. Water from large streams if 
properly looked after is a good sourc*c of water for town 
supply. Towns, as anile, draw their water-supply from a 
river above the spot where the sewage of the town is 
discharged. But large rivers are able to get rid of a 
nnj }derate amount of sewage pollution by the combined 
agencies of oxidation, vegetation, and bacterial action. 

The danger of pollution in rivers is from sewage, manur- 
ing cultivated fields, and trade„efiluents . The analysis 
of Ganges water below Cawnpur proved that 18 miles 
below the city sewage was still found in the water. 
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Corpses are thrown in without burning, and the bodies 
are torn to pieces by carrion birds, leaving the contents 
of the stomach and intestine to mingle with the water, 
while the people wash, drink the water and carry away 
jars full of it for home consumption. 

Streams and rivers in their course through cultivated 
areas, towns and villages often take up impurities derived 
from ^sewage and industrial effluents, particularly near 
the banks, and therefore such waters should be looked 
upon as unsafe for drinking purposes. The composition 
of river water varies much according to the part of the 
river whence it is taken. As a rule river water is softer 
than ground water, but contains a large amount of orga- 
nic matter. Near the source the water is comparatively 
purer, but the impurities increase as it descends. 

Many rivers either completely or partially dry up 
during summer and the bed of the river is fouled with 
human and animal excreta. 

In India most of the places for pilgrimage are situated 
on the banks of the rivers and the popular custom of 
bathing in the river by hundreds makes the water 
positively dangerous for drinking purposes. 

Water for drinking purposes should therefore be 
collected a few feet from the shore. This may be done 
by means of a small boat tied to a post or anchor, or by 
having a sort of a jetty-like arrangement, or by means of 
a pipe attached to a hand-pump. In India many rivers 
remain dry for a greater part of the year, and the water 
can be impounded by erecting a high dam across the bed 
of the river. 

VIII. Distilled Water. — Distilled water is generally 
resorted to on shipboard and is often obtained from sea 
water. This is usually flat and not very palatable, and 
should therefore be aerated before using. Distilled water 
should never be stored in zinc, lead or copper vessels. 

Storage and Delivery of Water 

Storage of Water. — It is generally necessary to store 
water, but the methods vary with the source. In upland 

2 
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surface schemes storage is usually made by impounding 
the water. By this method large artificial lakes are often 
formed which should hold enough water to supply a town 
for some time. The size of such reservoirs depends on 
the area of land and the number of population requiring 
the water. Large towns are often divided into districts, 
each of which has a service reservoir . This system has 
an advantage : in cSse oi aisorder or waste in one 
district other districts do not suffer in consequence 
thereof. 

In the case of water-supply of a town or a city it is 
necessary to provide large s torage re servoirs the capacity 
of which should be such as toTIold at least a week’s supply. 
For small communities, such as prisons or asylums, deep 
wells or deep tube wells are quite useful. In villages 
and rural districts shallow wells and tanks are often the 
only sources of supply. 

Action of Water on Lead. — The kinds of water which 
affect lead most are the best and the worst waters. 

The following kinds of water act on lead : — 

1. The purest and most highly oxygenated water, as 
rain and upland surface water. 

2. Water containing nitrates or nitrites (sewage and 
animal matters) or chlorides. 

8. Water from peaty soils containing acids, as humic 
acid. 

4. Neutral distilled water. 

5. Muddy river water. 

Water containing one-tenth of a grain of lead in a 
gallon is unfit for drinking purposes. Filtration through 
charcoal will remove lead from water. 

Waters least likely to affect lead are 

1. Hard water, containing sulphates, carbonates, and 
phosphates of calcium, forms a coating of insoluble carbo- 
nate of lead in the interior of the pipe which prevents 
further action. 

Hard water containing carbonic acid gas under 
pressure would dissolve a small amount of carbonate of 
lead. This explains cases of lead poisoning from soda 

water. 
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2. Water containing soluble silica deposit, silicate of 
lead being insoluble in water. 

Distribution of water. — In Indian towns filtered water 
is usually delivered by means of iron pipes laid under- 
ground. To avoid erosio n, particularly when the water 
is soft, these are coated either with Angus Smith solution, 
or vitreoui^glazeC^o protect them from the injurious 
effect water. In Calcutta distribution is carried 
on by steel pipes | in. thick coated with a special asphalt 

S aration and having a diameter of 5 ft. to 6 ft. 

anised iron pipes are better as they do not rust as 
plain iron pipes. Temptation to use lead pipes in houses 
is great as they are easily bent and fitted and com- 
paratively cheap ; whereas iron pipes require joints at 
frequent intervals and at every angles and bends. These 
arc connected with the n^ in through brass ferrule s . 

In the distribution of water it is essential that not only 
the poorest and least sanitary parts of a town be well 
supplied, but there must be a proper water-supply to 
daises and cattle-sheds, or else the vessels used for milk 
will be washed in any collection of water available, very 
often in water highly contaminated by cattle or washings 
from cattle-sheds. 

For many purposes for which water is used it is not 
absolutely necessary that the water should be pure. 
Where the demand is great, as in large towns like Calcutta, 
and owing to a deficiency in the amount of pure water 
available, there is a dual system of supply — the impure 
or unfiltered water for flushing sewers and water-closets, 
watering roads, extinguishing fires, and for manufactur- 
ing or trade purposes ; and the pure for drinking and cook- 
ing purposes. With this dual supply the amount of 
pure water required is greatly lessened. In villages this 
double supply is very commonly met with. The well 
yields water for cooking and drinking purposes, whereas 
a neighbouring stream, tank or pond furnishes water for 
washing, bathing, etc. There can be very little objection 
to such a procedure in villages, but in towns a dual supply, 
necessarily involves a second system of mains and supply 
pipes, and very often impure water will be used for dhnk- 
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ing purposes and may thus be a factor in spreading water- 
borne diseases. 

Water-supply in towns may be either intermittent or 
constant. In many towns for the sake of economy the 
supply of water is intermittent. In theory this method 
appears economical but in practice it leads to little, if 
any, saving. In the intervals during which the mains 
and service pipes remain empty, foul air and polluting 
matter from sewage-charged soil or drains are liable to be 
sucked in through imperfect joints or decaying pipes. 
Larger house cisterns have to be provided for storage of 
water, which is often wasted. There is further the risk 
of contamination, and as the whole day’s supply has to 
be furnished in a few hours, large mains are necessary. 
In cases of fire water may not always be available. 


Properties and Impurities of Water 

Properties of Water. — Water is a clear, transparent, 
tasteless, and odourless liquid. It freezes at 0® C. or 
32® F. ; and in freezing increases in bulk by one-eleventh 
of its original size. Its greatest density is at 4® C. It is 
very slightly compressible, and boils at 212® F. or 100® C. 
under a pressure of 760 mm., when it is converted into 
more than 1600 times its own volume of steam. The 
boiling-point varies according to pressure, and at Dar- 
jeeling which is about 7000 ft. above sea level, it is 96® C. 
It is a chemical compound, consisting of two volumes of 
hydrogen and one of oxygen. 

Impurities of Water. — According to Parkes, the origin 
of impurities may be from ; — 

(a) Substances received at the source . — The character 
of the water will depend upon the geological structures 
through which it has travelled. The presence of calcium 
or iron will produce hard water as in chalk wells. Water 
from the neighbourhood of graveyards contains organic 
impurities.' Likewise, water from wells in towns or 
densely populated places often contains calcium, sodium, 
nitrites, nitrates, sulphates, phosphates, etc. 
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Water, either in wells or tanks, may often become con- 
taminated by soakage and washings. Very often slop 
wate r from village houses is conveyed by pervious drains 
to the nearest tanks, thus contaminating the water to a 
dangerous degree. In India the tank water is very often 
contaminated by washing clothes in or near the tank 
and the passage of excrement directly into it. A village 
tank, therefore, is a great source of danger, and a strict 
eye should always be kept on such a water to prevent 
any form of pollution. 

(6) Impurities derived during transit from source to 
reservoirs . — Open conduits like rivers, canals, etc., are 
liable to be polluteSTliy Sewage, house and waste water, 
manufacturing refuse, etc. Purification, however, goes 
on during its flow by means of subsidence, by the action 
of normal water bacteria on pathogenic micro-organisms, 
and by the presence of aquatic plants. {See Natural 
Purification of Water.) 

(c) Impurities from storage . — When water is obtained 
from a tank or well or in a town where the supply is inter- 
mittent, it is necessary to store water for drinking pur- 
poses ; but the method of doing so is by no means un- 
important, for however carefully the water may be stored 
it often deteriorates, and by losing its sparkling character 
gradually becomes flat and insipid. 

In this country water is ordinarily stored in ghurras 
or metal vessels, wooden tubs and masonry tanks {chou- 
baehhas), etc. When stored in metal vessels and protected 
by a cover the water, although it partly loses its aerated 
character, remains pure. Sarais and other earthenware 
vessels have the advantage of keeping the water cool and 
sparkling, but being porous they take up dirt and may 
therefore contaminate the water. These receptacles 
are very often kept under staircases, on landing floors, 
and in other insanitary places where accidental conta- 
mination from dust, dirt, cockroaches, etc., are liable to 
occur. 

(d) Impurities of distribution . — Lead and other metals 
are dissolved by certain waters, and if the pipes are occa- 
sionally left empty, as happens when the supply is inter- 
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mittent, sewage and impure air may be drawn into them 
through leaky joints or cracks. This may be prevented 
by laying the water mains at a distance from gas pipes, 
drains or sewers, and on a solid basis so as to prevent 
any cracks occurring from subsid ence. 

The distribution of water is sometimes carried on by 
bhistis (water carriers) in mussaks or leather bags ; these 
can hardly be kept clean and the chance of contamination 
therefore greatly increases. These water carriers as a 
rule live under insanitary conditions and the mussak, 
if once becomes infected, will act as a focus for 
spreading the contamination. This mode of transport 
is unfortunately still in existence even in Calcutta, and 
should be discountenanced, and whenever such water is 
* utilised for drinking purposes it must always be boiled. 

Effects of Impurities of Water 

Contaminated water may often be used for a lengthened 
period without giving rse to any appreciable effect on the 
consumers, and it is very probable that in many instances 
the system becomes habituated to its use. For, not 
infrequently, we find persons who are used to pure water 
suffer from some trouble when they drink polluted water, 
which the old inhabitants of villages prefer drinking to a 
purer supply. But impurity to a certain extent is practi- 
cally inevitable and is neither disagreeable to the taste 
nor injurious to the health. An absolutely pure water 
is insipid and perhaps unwholesome. A good water is 
not one which is chemically pure. Transparent, colour- 
less, odourless, tasteless water with no suspended matter 
or excess of total solids, but with sufficient dissolved air, 
is all that is wanted. 

Certain diseases like cholera, typhoid fever, dysentery, 
etc., having their primary seat in the alimentary canal are 
carried through infected water used for drinking purposes. 
Water is occasionally responsible for carrying animal 
parasites, amoebae and worms. It may give rise to lead 
poisoning and bring about derangements of metabolism 
resulting in such condition as goitre. The greatest 
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danger in water is pollution from human sources. Since 
water is usecUraw as compared to other foods which are 
cooked it is one of the most common sources of infec- 
tion. 

I. Effects of Vegetable Impurities. — Putrid or decay- 
ing vegetable mattery may give rise to diarrhoea and 
dysentery and other severe symptoms to persons unused 
to it. 

II. Effects of Mineral Impurities. — Suspended mineral 
matters or an excessive quantity of magnesium sulphate 
or chloride may cause irritation and set up diarrhoea. 
Sprue is not an uncommon affection in certain parts of 
India, and it has been ascribed to fine particles of mica 
in suspension. 

Plumbism . — This may result from the continued use 
of water containing lead. This metal is seldom found 
as a normal constituent of natural water, but soft 
waters act on lead pipes, cisterns, etc. One-tenth of a 
grain per gallon has been known to produce ill effects. 

Zinc is occasionally found in water, and soft water 
which acts on lead will also dissolve a certain amount of 
zinc from the surface of galvanised iron. Obstinate 
constipation may result from the consumption of such 
water. 

Iron is not infrequently found in water and gives rise 
to dyspepsia. 

III. Effects of Animal Impurities. — The principal 
diseases of man contracted by drinking infected water 
are typhoid fever, cholera and dysentery. These play 
an important part in the tropical countries. In all 
cases the water is infected directly, and therefore tanks 
and rivers are largely responsible for the outhxeaks of 
ep idem ics. 

Cholera , — Water plays a most important part in the 
spread of this disease. In India villages on the banks 
of rivers are especially affected. Outbreaks also occur 
when the tank or well, which supplies the people with 
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drinking water, becomes infected. Epidemics are not 
uncommon in a pilgrimage or after a bathing festival. 

Goitre, — The primary cause according to McCarrison 
is a micro-organism which in the intestine of man produces 
a toxin having special effect on the thyroid gland which 
enlarges. The exact nature of the organism has not 
yet been identified, but it appears to be present in the soil 
of goiterous regions, whence they are carried to man 
through water. 

Typhoid Fever. — This is propagated through water 
infected by the urine or feces of patients who are suffer- 
ing or have suffered from, typhoid fever. 

Entozoal Diseases. — Diseases due to Distoma hepa- 
ticum, Ascaris lumbricoides^ Filaria sanguinis hominiSy 
Ankylostoma duodenale, Oxyuris vermiculariSy Tcenia 
solium^ etc., may be contracted by drinking water con- 
taining the ova of these parasites. 

Purification of Water 

A public water-supply should be of such a nature as 
will not require further purification by its consumers. 
Water derived from carefully protected springs or deep 
wells needs no such treatment, but in the case of surface 
water, river water, or water from any source liable to 
sewage contamination, purification becomes necessary. 

In public water supply the primary object of purifica- 
tion is to remove from the water any traces of pollution 
that may give rise to disease. It is also desirable to 
remove suspended matter for aesth etic purposes, *and dis- 
solved mineral matter to render the water suitable for 
manufacturing or domestic purposes, i.e, render it soft. 

The principal methods employed for the purification 
of water on a large scale are (1) storage, (2) filtration, and 
(8) chemicals. But no method of purification can be 
considered satisfactory from a sanitary point of view 
that does not eliminate water-borne diseases. 
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Impure water may be purified by either of the follow- 
ing methods : — 


A. Natural 


B. Artificial 


r I. Physical : 

a. Distillation 

b. Boiling 
II. Chemical : 

a. Precipitation 

b. Germicides 


III. Filtration : 

a. Slow sand filters 
. b. Rapid filters (mechanical) 


A. Natural Purification of Water. — This is only possi- 
ble in the case of rivers and streams, or where there is a 
large volume of water ; for as soon as any sewage or 
polluting matter enters the water it becomes diluted, and 
the dissolved oxygen, through the agency of aerobic 
bacteria, oxidises to a certain extent the organic materials 
of the sewage, and consequently the wato absorbs more 
oxygen from the air to replace this loss. ^Aquatic plants 
give off oxygen, and unless these are destroyed by sewage 
further oxidation ©ccurs. Moreover, fish and other 
lower forms of animal and vegetable life which exist in 
large numbers in certain water help the purification by 
feeding on these organic impurities, and if the current is 
sluggish the suspended matters settle to the bottom. 
Indeed Delepine has shown that this sedimentation is an 
important factor in the bacterial purification of river 
water. Further, the solar rays aid materially in the 
purification of such water. Yet of greater importance is 
the evidence of destructive changes accompanied by the 
loss of virulence which certain organisms particularly 
those of an intestinal type ” undergo in river and stream 
waters. These organisms are B. coli^ B. entertidis sporo- 
genes, etc. It seems probable that water is not the 
natural habitat of pathogenic bacteria as of cholera and 
typhoid fever. In the struggle for existence they have 
to fight against the saprophytic bacteria present in water. 
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B. Artificial Purification of Water : — 

I. Physical Method or Sterilisation of Water by Heat. — 

There are two ways of doing this : — 

(a) Distillation, — By this method water is rendered 
pure in a chemical sense. But from a practical and 
economical point of view it has several objections. It is 
not practicable to do this on a large scale. Distilled 
water has a fiat taste, suggestive of scorched organic 
matter and it acts on metals. 

* (b) Boiling, — By this means certain micro-organisms 

are destroyed, the temporary hardness of water is removed 
by the preeipitation of ealcium salts, ammonia and 
sulphuretted hydrogen gases are given off. The spore- 
forming inicrpbes are resistant to boiling water, unless 
time is allowed for the development of the spores. Boil- 
ing makes the water very flat and insipid, and it should 
therefore be aerated before drinking. 

II. Purification by Chemical and other Agents : — 

(a) Use of Precipitants, — By these a precipitate is 
formed which entangles and carries down suspended 
matters and micro-organisms. The following are the 
different methods : — 

1. Softening of Water, — A hard water is that in which 
calcium and magnesium salts arc held in solution in the 
form of carbonates and sulphates. When the hardness is 
due to the presence of carbonates of lime and magnesia 
kept in solution by carbonic acid, it is known as temporary, 
as the hardness is removed by boiling which drives away 
CO 2 gas and thus precipitates the carbonates. When the 
hardness is due to the presence of sulphates and not 
dependent on the presence of COg and therefore not re- 
moved by boiling it is called permanent. When hard 
water is used in the water-supply of a city, as for instance 
London, where the water is derived from chalk stones, it 
is necessary to soften the same. As it is not practicable 
to boil the water on”‘such a large scale, this is done by 
adding for every 100,000 gallons of water 6 lbs. of freshly 
burned lime for each degree of hardness. The lime 
combines with COg holding the chalk in solution and the 
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calcium carbonate is precipitated. This process of soften- 
ing water is known as Clark’s process. Permanent hard- 
ness due to the presence of sulphates of calcium or magne- 
sium is removed by the addition of lime and soda either 
in the form of hydrate or carbonate, thus 

CaS04 +Na2C03 = CaCOg +Na2S04 

MgS 04 +Na 2 C 03 =MgC 03 +Na 2 S 04 . 

CaCOg, CO2 + CaO = 2Ca CO3 

2. Alum, — This acts if the water contains calcium 
carbonate. The action of alum is purely mechanical and 
depends upon the fact that alkaline carbonates combine 
with it and form aluminium hydrate. As it has a large 
colloidal molecule and being insoluble, it forms a floccu- 
lent precipitate, which entangles suspended impurities 
and bacteria. The usual quantity required is 6 grs. 
to a gallon. Alumino-ferri 1 gr. to the gallon is very 
widely used nowadays. This is more efficient though 
costly. 

The cljuifying effect is more marked if 5 grs. of lime 
are added after the alum. Alum also has the property 
of destroying water bacteria. J gr. to a gallon has been 
shown to reduce 8000 micro-organisms in 1 c.c. of water 
to 80. Although alum has such a remarkable destructive 
power over water bacteria it does not destroy even in 
greater strength the typhoid or cholera organisms. 

«S. Perchloride of Iron~ 2 \ grs. to a gallon will purify 
water from its suspended organic matter and clay. 

4. The fruit of Strychnos potatorum y commonly known 
as clearing nut ” (neermuliy vern.), is used in India to 
clear muddy water. TlKe of tE^e fruits is well rubbed 
for a minute or so on the inside of the vessel containing 
the water, which is then left to settle. In a very short 
time the impurities fall to the bottom leaving the water 
clear. 

(&) Germicides. — The following are the common 
germicides used to purify water : — 

1. Potassium Permanganate acts mainly as a germi- 
cide by destroying the organic matter on which bacteria 
thrive. It is specially useful for sterilising relatively small 
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quantities of water, e,g., of wells and cisterns. In propor- 
tion of 5 parts per million it removes 98 p.c. of bacteria 
in 4 to 6 hours. It is rather expensive and is not suitable 
for sterilising large volumes of water as of tanks. The 
best way to employ it is to prepare a solution of a definite 
strength so that the required amount can be measured. 
After further dilution this can be poured into the well 
etc., and thoroughly mixed up with water. Usually 1 dr. 
is rec^uired for a well 2ft. in diameter and containing 
about 8ft. of water. The amount can also be gauged by 
the colour test, a sufficient quantity is added to the 
water of a well to give it a faintly perceptible pink tinge 
after the lapse of several hours. 

2. Lime , — Quicklime has long been used for the treat- 
ment of polluted water, and Houston has demonstrated 
that in certain circumstances it is a most effective agent 
for this purpose. To be effective, good quick-lime or 
water-slaked lime is necessary. Whiting, air-slaked- 
lime, chalk and carbonate of lime are useless. ^ It is cheap 
and easily available. The amount required varies with 
the character, hardness, etc., of the water to be treated. 
A fifty feet square tank requires about 14 pounds. 

3. Copper sulphate is useful for removing algae and 
other vegetable growths in tanks. A solution of 1 in 
200,000 is necessary to be of any use. It combines with 
the bodies of the micro-organisms and settles to the bot- 
tom. If the water is afterwards filtered most of the remain- 
ing copper is removed. The simplest way to ensure a 
thorough diffusion of the reagent is to put it in linen 
bags attached to ropes or strings and then draw them 
through the water to be treated. 

4. Nesjield's Tablets, — A two-grain tablet of iodide- 
iodate of soda and the same quantity of citric acid is added 
to four gallons of water, and it is claimed that cholera 
And enteric organisms are killed in a few minutes. 

5. Bleaching Powder, — This is made by saturating 
slaked lime with chlorine at ordinary temperature, and 
is very efficacious in sterilising drinking water. It is 
found in whitish powder or in friable lumps with a feeble 
odour of chlorine and a disagreeble bitter saline taste. 
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Unlike many other powerful disinfecting agents bleaching 
powder and solutions of hypochlorites may be used safely 
for sterilising water for drinking purposes. 

The amount required to effectively sterilise water 
varies with the composition of water. The more organic 
matter the water contains the more bleaching powder 
is necessary. This method is cheap, reliable, efficient, 
easily applied and harmless, and when added in proper 
proportion leaves no undesirable chemical substance in 
the water. 

Bleaching powder of good quality should not contain 
less than 25 p.c. of chlorine. Forty pounds of this 
strength added to a million gallons of water give a propor- 
tion of available chlorine equal to one in a million parts. 
With bleaching powder of lower strengths, proportion- 
ately increasing amounts are needed to give the same 
result. Thus : — ^ 

Bleaching powder containing 20 p.c. chlorine would 
require 50 lbs. per million gallons ; 15 p. c. would require 
67 lbs. : 10 p. c., 100 Ibs.,^ etc. 

The student should also remember that 1 oz. of 
chlorinated lime (25 p. c. strength) added to a weW 8 ft. 
in diameter and containing 5 ft. of water will give ap- 
proximately 1 in a million available chlorine. 

To calculate the amount of water available in a well 
the following formula is helpful, viz . — 

D^xWx 5— number of gallons of water in well. 

D = diameter of well in feet. 

W —depth of water in feet. 

To find the number of gallons of water in a well 6 ft. 
diameter and contaipg 10 ft. of water would be 

6x6x10x5 = 1,800 gallons. ^ 

6. Ozone. — Being a powerful germicide ozone is one 
of the most satisfactory methods of purifying water, as 
it makes the water practically sterile and oxidises the 
organic matter. It has however no effect on resistant 
forms of spores, but these are harmless when taken by the 
mouth. Ozone does not clarify the water and has no 
effect on mineral salts. It is therefore necessary to- 
clarify the water before appljdng ozone. 
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Ozone is produced by electrical discharges in the 
atmosphere, and this ozonised air is brought into contact 
with water. It requires 1 to 8 mgrms. to purify 1 litre 
of water. But owing to the expense and the electrical 
and engineering difficulties involved this process is not 
so suitable for the purification of water on a small scale. 

7. The Ultra-Violet i/5. --Sterilisation of water by 
ultra-violet rays is being largely used on the Continent. 
The beneficent effect of sunlight in purifying water is 
believed to be due to the ultra-violet rays^ and a special 
apparatus has been made to purify large volumes of water 
by subjecting it to these rays. It has been found that 
an exposure of twenty seconds will kill B. coli and about 
thirty to sixty seconds B, suhtilis. The chief feature of 
the apparatus is the immersion of a mercury vapour 
quartz lamp producing ultra-violet rays in a current of 
water. 

It should be observed that the above nndhods of 
purification of water are anything but satisfactory. Puri- 
fication by boiling is by far the safest, and is therefore 
recommended for general use where filtered water is not 
available, 

III. Filtration. — Filtration on a large scale is accom- 
plished in different ways, the most common method being 
by means of sand filter beds, either in the form of slow 
sand filters, or in small tanks, as in the so-called rapid 
or mechanical filters. 

(a) Slotv sand filtration ,— filters consist of 
large, shallow reservoirs containing sand and gravel as 
filtering media, and the water is passed through them 
slowly from above downwards. This process is called 
slow filtration in contra-distinction to the rapid filtration. 

These water filters require extensive tracts of land and 
are therefore usually situated in the outskirts of the 
city and located on the bank of a river or stream. As it 
is not desirable to run the water directly into the filter 
beds which may cause choking or clogging of the filters, 
the water, taken from the stream where there is no source 
of pollution within a reasonable distance, is first collected 
in settling tanks or large reservoirs where sedimentation 
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occurs and most of the bacteria arc destroyed by light 
and air. This sedimentation is the first step of filtration, 
and may be simple sedimenta- 


tion or sedimentation with the 
addition of a coagulant. In the 
former process it takes about 
24 to 48 hours for the suspen- 
ded impurities to settle speci- 
ally during the rains. The use 
of a coagulant helps sedimen- 
tation to take place more quick- 
ly ; and the usual coagulant 
employed is sulphate of alu- 
mina, 

^ Houston claims that this 
sedimentation has a consider- 
able influence on the bacterial 
life. The number of bacteria is 
reduced often by 99 per cent., 
the bacteriological ratio of 
water is altered by the reduc- 
tion of the B. coli to a greater 
extent than other water bac- 
teria, and the typhoid and 
cholera organisms are devita- 
lized. All tbfi,se have a marked 
“ levelling ” effect on water 
before it is allowed to pass into 
what are called ‘‘ filter beds.” 

Filter Beds. — These are water- 
tight reservoirs, rectangular in 
shape arranged side by side in 
rows, either open or covered. 
The depth should be 9 to 10 ft., 
sufficient to contain the neces- 
sary filtering materials and 
water and leave a margin of 
2 to 8 ft. above the surface of 



Fio. 3 . — Section of a Sand 
Filter. 


the water. They should have 


perforated tubular drains below for the collection of 
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the filtered water, and are filled from below upwards 
with : — 

(^) Two layers of bricks arranged in the form of 
channels for the passage of water, spaces hcin^ left 
between two bricks, which are covered by the second 
layer {see Eii?. 3). 

{ii) Gravel from G in. to 2 ft. deep, of varyiti" coarse- 
ness which increases from abo\x downwards. The func- 
tion of this layer beini? mainly as a support for the 
upper layer Avliich consists of sand from 2 ft. to 3 ft. 
in thickness. 

The elfcet of this filtration is ehiefiy mechanical, 
although a certain amount of biological action does take 
]fiace. Th(^ suspended impurities are straine d off by the 
upper portion of the filter, and a certain degree; of oxida- 
tion of organic matter is effected by tlie aid of nitrifying 
organisms. Ilie real agent which separates the e>rganisms 
is tlie layer of slinty organic matter known as the “ vital 
layer” formed upon the* surface and in the' interstices of 
the sand. This grc'cn slimy layer made up of fungi, algic, 
and other low vegetalile organisms, commence s to apj^iear 
after three days : and therefore the filter acts best 
after the third day when this jelly-like layer or mem- 
brane is formed. The bacteria ge't entangh'd and 
arrested by this gelatinous mass and so are prevented 
from passing down into the deeper layers of sand and 
gravel. Kocli has shown that if this surface be removed 
by scraping, or its continuity affected in any way as by 
excessive and irregular ])ressure, th(‘ number of bacteria 
which pass through this purifying layer will increase 
considerably. When, liowcver, this deposit becomes 
very thick and consequently imj^ermeable, filtration be- 
comes imperfect and the bed has to be scraped, washed, 
and cleaned, but after this water should be allowed to 
stand till a fresh membrane forms before filtration com- 
mences again ; therefore the first portion of the water 
should not be stored in the pure water reservoir. At 
each scraping about a quarter to half an inch of the sand is 
removed, and when, by rej)eated cleaning, the thickness 
of the layer of sand is reduced to about 16 in. the filter is 
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thrown out of action and the bed has to be renewed to its 
original depth. The most important in these filters is 
the rate of filtration. Ordinarily it should run at a rate 
of 2,500,000 to 3,000,000 gallons per acre per day. When 
it passes at the rate of 4,800,000 gallons per acre daily 
it has a vertical movement of 3.94 inches per hour. If 
however hypochlorite is added to the water one can in- 
crease the rate of the filter. The effluent from each 
filter should not yield more than 100 microbes per c.c. 
on gelatin plates, and the thickness of sand should never 
be less than 11.8 in. Nowadays the gravel layer is reduced 
and the layer of sand made thick. 

^ Taken as a whole sand filtration involves four distinct 
stages, as follows : — 

1. The sedimentation of the grosser particles in the 
settling tanks. 

2. Mechanical obstruction to impurities in the inter- 
stices of the filter. 

3. Oxidation of the organic matter in the pores of 
the filter beds. 

4. Process of nitrification carried on by the micro- 
organisms in the vital layer on the surface of the filter. 

An essentially bad water cannot be made good by any 
amount of filtration, therefore no attempt should be 
made to puriCy organically impure water for drinking 
purposes. 

The other method of slow sand filtration is by the 
Puech-Chahal System, In this system the clarification 
and purification are accomplished by passing the water 
through successive layers of gravel, graded from coarse 
to fine, before it reaches the final slow sand filters. 

(b) Mechanical Filters , — The mechanical or rapid 
filters include all types of filters that are worked at a 
rate of flow forty to sixty times greater than that which 
is usually permitted in the slow sand filters, ‘^'hey 
include Jewell, Paterson, and Bell’s filters. With the 
growth of population and in expanding cities it is found 
that slow sand filters do not adequately meet the increas- 
ing demand for filter water. These filters have therefore 
replaced in many places the slow sand filters. In this 



34 


HYGIENE AND PUBLIC HEALTH 


process of rapid filtration three steps are involved, viz. 
coagulation, sedimentation and filtration. 

There are many typ^es of mechanical filters but the 
following may be taken as a typical cycle of operation. 

Bftw water is led continuously into the plant and the 
requisite dose of coagulant (aluminium sulpTmtc 1 to 4 
grs. per gallon of water) introduced in solution by means 
of special gear. The water then passes down a pipe or 
mixing trough where the coagulant is well mixed and 
reacts with the calcium bicarbonate (temporary hard- 
ness or alkalinity) in the water, forming hydrate of 
aluminium, a finely divided gelatinous precipitate as 
follows ; 

Al2(S04)2 + 3CaC03 + 3H20-Al2(0H)6-i-3CaS04+3C02. 

The treated water flows into a coagulating tank where ■ 
partial precipitation takes place during its passage from 
one side to the other, which occupies a varying period 
according to the nature of the water. 

The partially settled w'ater with about 20 per cent, 
of gelatinous precipitate still in suspension is then admit- 
ted to a series of rapid filters. The efflue nt from the 
filters then passes through automatic regulating gear 
and is sometimes sterilised by chlorine gas on its way 
to the pure water reservoir. 

When the filter becomes clogged the sand is violently 
agitated by means of rake s, comj^ressed air or steam, 
and filtered wash water is admitted from the bottom and 
flows away to waste over the top carrying with it the 
dirty gelatinous film. 

After washing a new film is formed (this can be done 
in five minutes) and a filter which has become clogged up 
can be washed, fil^ned and ready for service 15 minutes 
after. 

About 90 per cent, of the settlement takes place in the 
coagulating tank and the precipitate, which has absorbed 
the fine silt and colloidal matter, is periodically washed 
away through sludge pipes. 

After washing a filter it is advisable to turn on a 
small quantity of alum solution to enable the filtering 
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Fig. 4. — Section of Paterson's, Eapid Filter 
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film to be formed quickly. 5 lb. of sulphate of alumina 
wilLc^pejt a filter 18 ft. xlOft., i.e., 180 sq. ft., and 
forms the initial film which is then continually built up 
by the incoming water. 

The Paterson system of rapid filtration comprises 
four distinct processes : - 

1. Addition of Chemicals, — The automatic measure- 
ment of the raw inlet water and the addition of sulphate 
of alumina solution in proportion to the flow, is effected 
by the chemical measuring gear. 

2. Mixing of Chemicals, — The treated water passes 
down a mixing trough provided with baffle plates where 
the solution of alum is mixed thoroughly with raw water. 

3. Coagulation and Sedimentation, — This is effected 
in the coagulation tanks where most of the suspended and 
colloidal matters arc precipitated and run off to waste 
thiough sludge pipes. 

4. Filtration, — The removal of the coagulated impu- 
purities and bacteria by rapid filtration. 

The filtering film is composed of hydrate of alumina 
which coats the sand grains on the top of the filter, com- 
pletely sealing up the interstices and preventing the 
passage of bacteria, colouring and suspended matter, 
w'hilst permitting the free passage of water. 

Besides the mechanical property of entangling bac- 
teria and suspended matter hydrate of alumina fixes the 
colouring matter, rendering it insoluble, and so effects 
decoloration and precipitntion. This results in the 
entire removal of colour from peaty water, a result 
impossible to obtain by slow sand filtration. 

After the addition of the coagulant the treated water 
is made to pass through coagulating tanks and the 
period of passage may be variable, depending on the state 
of the water and the time of the year. 

The operation of washing is done as under : — 

The inlet valve is shut off and the level of water in 
the filter is gradually lowered until it is automatically 
shut off by a 1^11 valve. The outlet valve is then closed 
and the waste valye above the filter is opened. Air at 
about 15 lb. per square inch is then admitted from the 
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bottom of the filter and rises through the sand, agitating 
the bed thoroughly. 

‘This agitation continues for 1 or 2 minutes according 
to the season of year and is then shut off. Immediately 
after, pure wash water at about 40 feet head is admitted 
from the bottom and Hows upwards through the sand and 
away to waste carrying with it the dirty film and other 
impurities. This washing is continued "for from 1 to 3 
minutes. 

The waste valve is then closed and water from the 
coagulating tanks with a supplementary feed of sulphate 
of alumina is then admitted and the new film allowed 
to form while the efiluent from the filter is run to waste 
for a few minutes before being admitted to the pure 
water channel. This channel opens into a well protected 
under>ground reservoir made of biick and cement and 
provided with openings for ventilation. 

The advantages claimed for rapid filters are : — 

1. Simplicity in construction and economy in opera- 
tion. 

2. Filtration is continuous. 

3. The filtering material does not require changing, 
and is thoroughly cleaned in a few minutes. 

4. It is cheap and efficient and therefore especially 
adapted to those cases where the cost of land is high, 
and where the water is too turbid as to require large 
settling tanks. 


Chlorination of Municipal Water Supply 

The treatment of municipal water-supply by chlorina- 
tion is a modern process and was first used at Lincoln 
by Houston to disinfect the water works system which 
had become infected by typhoid organisms. Subse- 
quently the use of chloride of lime for purification of water 
both by itself and in conjunction with filtration became 
very popular in America. During the last war it was 
used with much success. Indeed during the war the 
water-supply of London was chlorinated, primarily as 
an emergency measure, but successful and economi- 
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cal results obtained led to its adoption as a routine 
process. 

y For the treatment of water chlorine is usually utilised 
in one of the following forms : — ( 1 ) As a hypochlorite, 
such as bleaching powder ; ( 2 ) in the gaseous form ; 
and (3) as chloramine. Chlorination of water on a large 
scale can only be used economically when the labour 
required for mixing the solution is cheap. But unless 
under expert control the dosage will be irregular from 
either over dose or under dose. 

Chloramine (NH 4 CI) produced by the interaction of 
ammonia and chlorinated lime is one of the most power- 
ful germicides known, and is probably the cheapest form 
in which chlorine can be utilised for water treatment. 

The djosage required depeii^upon a number of factors, 
most important being the purification desired, the amount 
of oxidisable matter present, the contact period, the 
temperature of the water, and the method of admixture. 
Further, if chlorination is used in conjunction with other 
forms of purification the dosage required will be smaller 
in proportion to the purification effected by the other 
process. 

Chlorination and filtration. -1. Its initial cost is 
cheaper ; 1 to 5 p, e. of filtration plant of equal capacity 
and efficiency. 

2 . The maintenance cost is in the same ratio. 

3. Chlorination provides positive protection against 
accidental infection. 

The most economical method of purifying polluted 
supplies is to rely upon chlorination for bacteriological 
purification and depend upon filtration for the removal 
of turbidity, colour, etc. In this way slow sand filters 
could be operated at much higher rates, and the 
enlargement of purification works which would otherwise 
be necessitated by an increased population could be 
avoided. 

Chlorine treatment should be regarded as supple- 
mentary process to, and not as a substitute for, filtration. 
Whenever possible the chlorine should be applied to the 
filtrate, because 



WATER 


39 


(a) the filtered water has a more constant organic 
content than the raw supply, and the dose can be regu- 
lated better ; 

(b) the amount of chlorine is considerably reduced ; 
and ; therefore 

(c) does not impart any taste to the water. 

Domestic Filters.— For this purpose different materials 

such as animal or vegetable charcoal, silicated carbon, 
spongy iron, flannel, wool, sponge, etc., are used. Water 
filtered through animal charcoal favours the growth of 
microbes and deteriorates rapidly. The same remark 
holds good as to the majority of substances just mentioned. 
Spongy iron is the least objectionable of all. 

A domestic filter to be satisfactory must keep back 
all germs, and the substances that are used for the purpose 
are some forms of infusorial earth, clay, porcelain, or 
patent combinations of porcelain and clay. 

The essential features for a good filter are : — 

1. It should be strong and compact and simple in 
construction to allow of easy cleansing and re -adjust- 
ment. 

2. It should be constructed of some stable and eHfcient 
material having the power to purify water to a high 
degree. 

3. The filtering medium should not require frequent 
changing, and neither it nor the receptacle should impart 
anything injurious to the water. 

4. It should be cheap and its purifying power fairly 
lasting. 

The following domestic filters arc commonly used : — 

1. The Fasteur-Chamberland Filter , — It consists of 
porous tubes or bougies of unglazed porcelain made of 
kaolin. These tubes can be screwed on to a tap. Its 
action is purely mechanical, as it separates even very fine 
particles of suspended matters and bacteria. Unless 
there is some pressure the filter acts slowly ; 20 to 40 
pounds of pressure per square inch will filter about three 
quarts of water per hour. The candles should be cleaned 
by brushing with hot water and then sterilised by boiling 
in water containing some sodium carbonate. It is a 
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perfectly reliable filter, as it frees water of all bacteria. 
Muddy water should first be cleared by passing it through 
closely packed coarse sponges and then filtered. 

2. The Berkefeld Filter . — This consists of a cylinder 
rnade of infusorial earth ; but the cylinder wears thin 
by constant cleaning and gradually ceases to filter effi- 
ciently. 

In order to secure perfect pro- 
tection from water-borne disea- 
ses, the candle should be sterilised 
by boiling every third day. Mud- 
dy water, if not previously clari- 
fied by passing through closely 
packed coarse sponges, would clog 
up such a filter rapidly. The 
sponges should, unless the water 
be very muddy, be cleansed and 
sterilised once a week. 

Woodheads and Wood found 
that the only filters capable of 
completely removing organisms 
were the Pasteur Chamberland, 
Berkefeld and Porcelaine D’Ami- 
ante. 

Of these two filters the Pasteur 
is more reliable and durable than 
the Berkefeld, but one disadvan- 
tage which may be urged against 
the Pasteur is that it filters very 
slowly and is practically useless unless the water is put 
under pressure. Horroeks has found that when sterile 
water is inoculated with typhoid bacilli and run daily 
through a Berkefeld filter, the bacilli appear in the filtrate 
in one to two weeks ; this is not the case with the Pasteur. 
The Berkefeld, on the other hand, requires no additional 
pressure and is more rapid in action, but the pores being 
more open, after it has been in use for a few days, may 
allow some organisms to appear in the filtrate. This, 
perhaps, is due rather to the growth of organisms in the 
pores of the niter-candles than to their direct passage. 
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Being made of infusorial earth they are more liable to 
fracture. 

3. The Four-ghurra Filter . — This method of filtration 
is very popular in India and is resorted to by people living 
in villages. It consists of four unglazed earthenware ves- 
sels placed one over the other on a wooden frame, each 
one having one or more holes at the bottom stuffed with 
cotton-wool or straw. The uppermost 
one contains the unfiltered water 
which is strained through muslin. 

The second one is half filled with pow- 
dered charcoal, and the third one 
with fine sand and a layer of small 
stones underneath. The lowest one is 
the receiving vessel. The filtering 
media must be kept as clean as 
possible, and the charcoal should be 
renewed once every week or ten days, 
and the sand cleaned and dried once 
a month. This domestic filter is large- 
ly used in villages, but it is not 
without its dangers. 

The idea that domestic filters do 
not require any attention or cleansing 
and that the filtered water is always 
above suspicion is erroneous. For the 
pores of the filter very often get clogged with foul mate- 
rials which afford a suitable nidus for bacteria to flourish 
in, and the so-called filtered water becomes decidedly 
worse than the original one. This happens particularly 
when animal charcoal is used as a filtering medium. 

Examination of Water 

For hygienic purposes the examination of water is 
generally done under the following heads r — 

A. Physical or macroscopic examination. 

B. Chemical examination. 

C. Microscopical examination. 

D. Bacteriological examination. 



Fig. 6. — Berkepem) 
Filter. 
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Collection of Sample. — Take a clean Winchester quart 
bottle of white or pale green colour with a stopper or a 
perfectly new and clean cork. Rinse it three or four 
times with the water to be examined. If the sample has 
to be taken from a stream, lake, or well, the stopper should 
be inserted and the bottle placed well under the surface 
of the water and then filled with water. In rivers, take 
from mid-stream or at a reasonable distance from the 
shore. In towns* the sample should be taken from the 
mains or stand posts or taps. When collecting from a 
tap, allow the water to run for a few minutes before taking 
the sample. Fill the bottle quite full and replace the 
stopper which will make room for itself. 

No sealing wax or grease should be applied to the 
stopper. It is best secured by a covering of clean linen 
or by an india-rubber cap and then sealed. 

The bottle should be kept in a cool dark place, if pos- 
sible in an ice box. The examination should be under- 
taken as early as possible after the collection of the 
sample. 

The following informations should always be furnished 
with the sample of water : — 

(a) Source of water, i.e, whether from tank, or well, 

etc. 

(b) Geological formations of the neighbourhood ; so 
far as known. 

(c) In case of a well, its depth, diameter, strata 
through which sunk, how used, and depth of the water. 

(d) Possibility of impurities reaching the water ; in 
case of a well its distance from cultivated land, cesspools, 
drains, privies, etc. 

(e) In case of surface or rain water, method in which 
the water is stored. 

(f) Meteorological conditions, whether there has been 
any recent rain or flood. 

(g) A statement of any existing water-borne disease 
in the neighbourhood, or special reasons for requiring 
analysis. 

Each bottle should be distinctly labelled to correspond 
with the official letter or invoice. 
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A. Physical Examination of Water. — This by itself 
cannot form a basis of opinion, but brilliant, clear, non- 
smelling, and highly aerated water is alone fit for human 
consumption. Note the following : — 

(a) Colour, - Four the water into a colourless glass 
tube about 2 ft. deep, placed on a white plate, and note 
the colour. The longer the tube the better is the colour 
noticed. Pure water has a bluish or greenish tinge. A 
yellow or brown colour generally indicates contamination 
with animal organic matter, mainly sewage, but may 
also be due to vegetable matter or salts of iron. 

(b) Clearness, -Shake a small quantity of water and 
note whether it looks hazy or not. Heavy sediments 
rapidly fall to the bottom. Turbidity is generally due to 
day or silt, minute particles of organic matter, micro- 
organisms, etc. 

(c) Lustre or brilliancy, — Some water is distinctly 
dull or of slimy appearance. Clear and sparkling water 
contains COg and air. 

,{d) 'Taste and smell, — Purest water is without any 
taste or smell. Gases held in solution and mineral matter 
impart the taste to most water. Any smell in water is 
objectionable and is chiefly due to the growth of alg^e 
and protozoa. An offensive water in a well or tank 
indicates stagnation at the bottom or the presenee of 
dead animals. Hydrogen sulphide and other inorganic 
compounds may also impart offensive odours to the 
water. 

B. Chemical Examination of Water : — 

(a) Reaction, — This is taken with litmus paper, or by 
dropping a solution of ])henolphthalein which when add- 
ed to water having the faintest trace of alkali will turn 
it a delicate pink. Acidity may be due to humic acid 
or COg, if due to the latter it will disappear on boiling. 
Alkalinity may be due to the presence of sodium, calcium 
or magnesium carbonates in solution. 

(b) Hardness, — This is due to the ])resence of carbo- 
nates of calcium and magnesium held in solution as 
bicarbonate by the dissolved COg. A certain amount of 
hardness is removed by boiling. “ Total hardness ” 
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is that which is present before boiling, and that which 
remains after boiling is called ‘‘ permanent hardness.’^ 
The amount of hardness is generally expressed in degrees. 
Clarke’s soap test is employed in determining the amount 
of hardness. This consists of a solution of soft soap 
in a mixture of methylated spirit and distilled water 
in the proportion of 4 and 0 respectively. 

To determine Total Hardness, — Take 100 c.c. of water 
in a stoppered bottle, to this add soap solution from a 
burette with constant shaking till a sufficient lather is 
produced. The number of cubic centimetres of soap 
solution, used, minus 1, gives hardness per 100,000 parts. 

Permanent Hardness. — Boil 100 c.c. of water for 15 or 
20 minutes, filter and add distilled water to make up the 
loss by evaporation. The hardness is estimated as above.* 

Temporary Hardness, — The difference between the 
total and permanent hardness is the temporary hardness. 

According to Clarke’s tests each degree corresponds to 
the soap destroying power of 1 gr. of CaC 03 in 1 gallon 
of water. When it is less than 10 degrees the water may 
be considered soft or moderately soft, when 10 to 15 
degrees moderately hard, when 15 to 20 degrees hard, 
and over this figure very hard. 

(c) Chlorides are always present in small quantities 
in all waters except distilled water, and give a white 
precipitate with a solution of nitrate of silver. The 
examination is done on a white porcelain dish and the 
water must be neutral or faintly alkaline. The silver 
nitrate solution is dropped into a measured quantity of 
water tinted a faint yellow by the previous addition of 
a few drops of a solution of chromate of potash. As 
long as there is chloride present in the water white pre- 
cipitate of silver chloride is formed, but the moment the 
amount of soluble chloride is used up the liquid acquires 
a reddish tint from the formation of red silver chromate. 
Chlorides are derived from sea water or sewage (urine) or 
from salts in the soil. It is impossible to draw any in- 
ference as to sewage contamination from the presence of 
chlorides alone unless one knows how much chloride is 
ordinarily present in water from the same source. Al- 
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though sodium chloride is found in the urine, considerable 
pollution must take place before it can be detected by an 
increase of the chlorides. 

(d) Nitrites, — The presence of nitrites is an indication 
of recent contamination by sewage undergoing decompo- 
sition ; therefore water containing nitrites, except when 
not due to the presence of iron, should always be con- 
demned. The presence of nitrites may also be due to the 
reduction of nitrates by ferrous salts. During the de- 
composition of nitrogenous organic matter, a large part 
of the nitrogen passes off in the gaseous state, the remain- 
der combines with hydrogen to form ammonia. Their 
presence is detected by adding to 100 c.c. of the sample 
dilute sulphuric acid and a few drops of metaphcnyl- 
inediamine, when a yellow colour is produced on standing. 

{e) Nitrates, — Nitrates are the ultimate pTdducts of 
oxidation of all animal matters. If nitrates are large in 
amount and nitrites and ammonia arc small, the import 
is that the water has been contaminated before and the 
ultimate product is left behind, or that the contamination 
occurred above the point of taking water. The presence 
of nitrates indicates that the contamination is of long 
standing. Sometimes their presence may be due to 
water which has per^^ated a stratum containing nitrites, 
€,g, oolite, red sandstone, etc. The nitrates and nitrites 
are never present in raw sewage, and if they are found with 
excess of ammonia it means that the water has been 
contaminated with sewage or animal refuse. 

Test. ---Evaporate a little of the water and to the 
residue add a drop of H2SO4 and a little brucine, when a 
pink colour is produced. 

(/) Ammonia is detected by adding Nessler’s solution, 
which gives a yellow or brown colour according to the 
amount present in the water. vSewage and manurial 
matter yield free ammonia on distillation, but by the 
action of an alkaline solution of potassium permanganate 
on the albuminous matter a further quantity of ammonia 
may be detected. This is called organic or albuminoid 
ammonia, as distinguished from free or saline ammonia. 
Traces of ammonia may be detected in almost all waters. 
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especially rain water ; therefore its presence alone cannot 
be taken as an indication of animal pollution. Besides 
this, water which has been stored for some time in metal 
vessels will yield ammonia, due to the reduction of nitrate 
by the metal (as zinc, iron, lead). But in these eases 
traces of metal can be detected. These impurities absorb 
much oxygen from an acid solution of potassium per- 
manganate, called ‘‘ oxygen absorbed.” The amount of 
free and albuminoid ammonia and of “ oxygen absorbed ” 
should be considered together in forming an opinion as to 
the purity of water. 

Tests, (i) Free ^Lmmonia, -Place 250 e.e. of water in 
a boiling flask and distil over 50 e.e. The amount of 
ammonia is determined by the process of “ Nesslerisa- 
tion,” which consists in adding to the distillate 2 e.e. of 
Nesslcr’s solution, and imitating the depth of colour 
produced by adding Nessler’s solution to pure distilled 
water to which definite quantities of solution of ammonium 
chloride has been added. The water remaining in the 
retort is used in the test of 

(ii) Albuminoid /immonia , — Distil over another 50 e.e. 
and pour into the distilled water bottle. Add 25 e.e. of 
alkaline potassium permanganate solution and distil off 
two 50 c.c. Nesslerise as before. 

The amount of ammonia obtained in the above two 
experiments multiplied by O.f gives the ammonia in 
100,000 parts of water. 

(g) Copper .- — To 100 e.e. of water add a few drops of 
acetic acid and 2 c.c. of a fresh solution of potassium 
ferroeyanide, when a chestnut-brown coloration is ob- 
tained. 

{h) Lead.—Ai no reaction is obtained in the above for 
copper, test for lead. Take 100 c.c. of water, acidify 
with acetic acid and add a few drops of potassium chro- 
mate and stir. A yellow turbidity indicates the presence 
of lead. If lead is present in fair amount a yellow precipi- 
tate is obtained. 

(i) Iro7i . — If neither copper nor lead is detected test 
for iron. Take 100 c.c. of water, add to it 5 c.c. each 
of nitric acid (1 in 5) and 10 per cent, solution of potassium 
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sulphocyanide. A red coloration indicates the presence 
of iron. 

(j) Total Solids in Water , — Take a known quantity of 
water, say 100 c.c., and evaporate to dryness on a weighed 
platinum dish. Weigh the dish with the residue and the 
increase in weight is the weight of the solids. It is better 
after the evaporation to transfer the dish and its contents 
to an air-bath heated to about 250° F. by which the water 
residue is thoroughly dried. The basin is then withdrawn, 
rapidly cooled and weighed. Increase in weight is the 
weight of the solids. After weighing the perfectly dry 
residue, the contents may be gently ignited and any 
change of colour noticed. White incrustation indicates 
mineral matter, while charring indicates organic matter ; 
and the smell evolved may give a rough idea as to whether 
the organic matter is of animal or vegetable origin. 

C. Microscopical Examination of Water. — This is 
best done by eentrifugalising the water, when all its 
suspended matters fall to the bottom of the tube. The 
grosser matters, as clay or sand are easily recognised by 
boiling the water, when they sink rapidly to the bottom. 
Sediments can also be obtained by allowing the water 
to stand for some time in a conical vessel. Suspended 
sand or clay gives- a yellowish white turbidity, sewage 
generally a light brown, and vegetable matters or peat a 
blackish colour. The presence of spores or mycelia is due 
to contamination with sewage, and the most suspicious 
elements arc the remnants of vegetables used for food, e.g, 
spiral cells of cabbages, cauliflowers, etc. Detection of 
these cells, as also of fibres of cotton, linen, wool, hair, 
starch granules, etc., can be made under a microscope. 
The presence of a large number of parenchymatous tissues, 
spiral cells, and yellow elastic tissue indicates contamina- 
tion with faeces. Animal substances, e,g, wool, hair, 
yellow elastic tissue, etc., generally indicate recent con- 
tamination, while sarcina' ventriculi, a kind of alga grow- 
ing in the stomach, point to sewage contamination. 

D. Bacteriological Examination of Water. — It is well 
known that drinking-water may contain the germs of 
diseases like typhoid, cholera, and dysentery, usually 
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termed water-borne.” In Europe several epidemics of 
typhoid fever have been traced to drinking infected 
water, and in India thousands die every year of cholera 
by drinking water containing the specific germs. Besides 
the germs of these diseases bad water may contain several 
worms or their eggs, which produce in man various morbid 
symptoms. A bacteriological examination gives im- 
portant indications of the purity or otherwise of a water 
and of its fitness for drinking purposes. Thresh has 
estimated that a bacteriological examination is a thousand 
times more delicate than a chemieal analysis. 

v/Most waters in nature contain germs in greater or 
lesser numbers. A few deep wells and mountain springs 
yield practically germ-free water, but excepting these, 
few natural waters are devoid of germs. These may be 
derived from air as in rain water or from the upper layers 
of the earth, through whieh the water Hows. Various 
factors increase the bacterial contents of surface waters — 
these are sewage contamination, and rain water flowing 
over agricultural land ; while the following influences tend 
to kill off bacteria in water, viz., sedimentation, sunlight, 
lack of food-supply, temperature, and struggle for exis- 
tence. The bacteria present in waters may be divided 
into : — 

1. The zvater bacteria, -These baeteria are naturally 
present in all waters, however pure the water may be ; 
their presence is not of any significance. 

2. The soil bacteria,- -These are often added to water 
from soil washings. 

3. The sezua^e bacteria,- Surface water is usually 
polluted with sewage or the excreta of men and animals. 

It is to the detection and isolation of these special 
bacteria that the labours of the water analyst arc mainly 
devoted. Their presence indicates that the water has 
actually received some sewage pollution and that at any 
time disease-producing organisms may gain access to 
it with the sewage. The object of a bacteriological 
analysis of water may therefore be said to be to ascertain 
the presence or otherwise in water of organisms derived 
from sewage. There are, roughly speaking, two classes of 
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organisms in sewage: (1) pathogenic organisms like 
typhoid, (2) the bacteria normally present in stools like 
R. coli. Under certain conditions the latter may become 
pathogenic, but generally they are not so. If methods 
could be devised by which these disease -producing 
organisms could be easily detected in water, water 
analysis would be a simple and straightforward business. 
Unfortunately the methods at present available for the 
isolation of these pathogenes are both difficult and un- 
certain. Further, a water that is occasionally polluted 
with sewage may not show these pathogenic germs at the 
time of analysis, as the latter may not always be present 
even in sewage, or they may have disappeared from the 
sample. Consequently, if search is made only for these 
organisms a dangerous water that may at any moment 
infect a whole community may be passed as fit for con- 
sumption, on the ground that at the time of analysis no 
pathogenic organisms were found. For these two reasons 
these organisms are not generally sought for in routine 
water analysis. The analyst is mainly occupied with the 
detection and enumeration of the sewage bacteria. This 
brings us to a consideration of the bacteriology of sewage. 
Sewage is a highly complex fluid, and bacteria of various 
kinds may be present in it. It would be difficult nor 
would it serve any useful purpose to separate and identify 
each and every one of the many thousands of organisms 
that are present in sewage. After several years’ laborious 
work it has been ascertained with a fair amount of 
certainty that in sewage a particular class of organisms 
called B, coli predominates over others, and that it is not 
present in places which have not been subject to sewage 
contamination. The typical B, coll may be defined as a 
short, non-sporing. slightly motile gram negative bacillus, 
fermenting glucose and lactose with acid and gas forma- 
tion and producing indol. 

Collection of water samples . — Samples of water for 
bacteriological analysis should be collected in sterilised 
bottles of about six ounces capacity. The analysis should 
be started within two or three hours of collection. As 
soon as water is stored in a bottle its conditions of equili- 

4 
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brium are upset and a change in the bacterial contents 
begins. vSome bacteria multiply enormously while others 
disappear, so that an entirely false picture of the flora of 
the water is obtained. If an immediate analysis is not 
possible the bottle should be preserved in iee until the 
time of analysis. In collecting samples attention should 
also be paid to a few minor details : — 

1. If it is taken from a tap the water should be allowed 
to flow on for about five minutes before the sample is 
colleeted 

2. If from a tank or river the sample should be taken 
at a little distance away from the banks. A ]iiece of string 
is attached to the neck of the bottle and sterilised, and 
only this sterilised string should be allowed to touch 
the water. 

3. If from a well the water may be obtained by lowering 
a sterile bottle weighted with lead into the well with a 
sterilised cord. 

^ The methods of analysis may now be detailed : - 

Total count . — The total number of organisms of all 
kinds present in the water may b(‘ estimated. A tube 
containing about 10 c.c. of Agar medium is melted and 
cooled to about 40°C., mixed with about 1 c.c. or 0.1 c.c. of 
the water to be analysed, the whole well mixed and placed 
in a sterile petri dish and irygaihated at 37 °C. for three 
or four days. After this period of incubation the total 
number of cglonies visible to the naked eye may be 
counted. This gives a rough estimate of the number of 
organisms of all kinds present in the water. It must at 
once be stated that even in this medium all the organisms 
present in the water do not grow, such as the anaerobic 
organisms, the nitrifying and other similar organisms, 
and the natural water bacteria. While the temperature 
of incubation is particularly favourable to the growth of 
most sewage organisms, it is not so for some derived 
from other sources. Still, however, this is not a serious 
drawback to this method, as in water analysis the analyst 
is particularly interested in the organisms that may be 
derived from sewage. The number of bacteria present 
depends roughly on their amount or the extent to which 
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the water has been contaminated with sewage or de- 
composing organic matter. This method of estimating 
the total number of organisms in water is particularly 
useful in determining the efficiency of filtration processes. 
A good filter should remove a very large percentage of the 
organisms present in the water to be filtered, and the 
filtered water should not contain more than one hundred 
organisms ]ier cubic centimetre. B ^ this simple method 
it can be ascertained whether a filter is working efficient jy 
or not. Mention has already been made that this method 
IS not an ideal one for determining the quality of a water, 
since it tells nothing of the nature of the organisms or 
of the source from which they may be derived. In 
addition to this method the number of B. coli present in 
the water should therefore be estimate d. As already 
noticed 71, coli is used as an index of sewage pollution. 

Enuyyieration of B. coli. — The number of B. coli present 
in the water is estimated by adding varying quantities 
of the water to tubes containing bile salt, lactose, peptone, 
and broth ; and in^bating at 42 ""C. or 37°C. In this 
medium the soil and water bacteria do not grow at the 
temperature of incubation, while the B. co/i grows luxu- 
riantly, fermenting the sugar and producing acid and gas. 
An indicator litmus alkali— is also used in the medium 
to show the ])resence of acid. The least quantity of water 
which produces acid and gas in this medium is noted and 
B. coli is said to be present in that amount. The above- 
mentioned change in this medium is only used as presump- 
tive evidence of the presence of B. coli. While the large 
number of bacteria giving the above reaction in this 
medium are undoubted B. coli derived from sewage, 
there still remain a small minority which, though giving 
the above reaction, arc not typical B. coli nor are they 
derived from sewage. Some analysts therefore isolate 
the bacilli that give a positive reaction in the glucose 
medium and ascertain later whether they possess all the 
characters of B. coli or not. 

'^Search for streptococci. — Streptococci arc abundantly 
present in fresh feces and sewage, and therefore it has 
been suggested that they may be used as indicators of 
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sewage pollution like B. coli. Concerning the precise 
significance of their presence in water there are still 
differences of opinion, but the bulk of evidence is that 
they are present only in highly polluted waters. 

Search for B, enteritidis sporogenes.~T\\\^ is an anae- 
robic spore-bearing bacillus and is abundantly present in 
sewage and excreta. It is therefore often used as an 
indicator of faecal pollution. To search for this bacillus 
large quantities of water must be used. The water is 
added to about an equal quantity of milk and boiled 
at 80° C. for about ten minutes, and incubated anaero- 
bically at 37° C. for forty-eight hours. At the end of this 
period a characteristic change, is produced when the 
B, enteritidis sporogencs is present attended with abundant 
gas formation and coagulation of casein. When this 
change is produced it may be assumed that B. enteritidis 
sporogenes is probably present. Of late the value of this 
test has been questioned. Some authorities maintain 
that the organism is highly resistant and that it can remain 
alive even under adverse conditions for long periods. 
If this be so the presence of the organism in the water 
docs not furnish any valuable information about its 
quality, as it indicates only a pollution which may have 
gained access to the water at some remote past. 

Interpretation of results, — The extreme delicacy of this 
method renders the interpretation of the results of a 
bacteriological analysis a task of considerable difficulty. 
The fullest possible information should be had about the 
water, and the surroundings from which it has come, 
noting particularly recent rainfall, if any. The object 
of the analysis may be • — 

1. To ascertain if any disease-producing organisms 
are present. 

2. To ascertain if a filter is working satisfactorily. 

3. To ascertain if pollution by sewage exists. 

As regards the first the presence of pathogenic organ- 
isms absolutely condemns water for drinking purposes. 

As regards the second a good filtered water should 
show no B. coli in about 100 c.c. and a total count less 
than 100 per c.Ca 
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As regards the third it is difficult to lay down any 
arbitrary standards. Good deep well and spring water 
should show no R. coli in about 50 c.c. and a total count 
less than 100. Surface waters are poorest in quality 
during the rains, when they receive the washings of an 
indifferently preserved catchment area possibly including 
the excreta of men and animals. The R. coli may be 
present in 0.01 c.c. or about 100 to the cubic centimetre, 
and the total count may be several thousands per c.c. 
Gradually the various factors that make for self-puri- 
fication in natural waters come into play, and a progressive 
improvement in the quality of the water is manifested 
on storage. In India sunlight and sedimentation might 
be said to be the most important of these. A well -sunned 
surface water should contain R. coli only in about 5 c.c. 
and a total count less than one thousand. 


THE CALCUTTA MUNICIPAL ACT, 1899. 

General duties of the municipal authorities in respect of the supply 
of water. 

Sec, 237. — The Corporation shall provide a supply of filtered water 
within all parts of Calcutta, and supply of unfiltered water within such 
parts of Calcutta as they may think fit. and shall cause such separate 
mains, pipes and taps to be laid and placed as may be necessary. 

Sec. 238. — (1) The Corporation shall erect sufficient and convenient 
public stand- posts for the gratuitous supply of filtered water for domes- 
tic purposes. 

Sec. 239. — (1) The Corporation shall erect sufficient and convenient 
platforms for the gratuitous supply of water for bathing purposes, 

(2) All such bathing platforms shall, as far as may be practicable, be 
supplied with filtered water. 

Sec. 243. — It shall be the duty of the Chairman to test the purity of the 
supply of filtered water once every week and to lay the result before the 
general committee. 

Sec, 244. — Subject to certain provisions (section 254) filtered water 
shall be supplied for domestic purposes only. 

Sec. 245, — No person shall, without the written permission of the 
Chairman, use for other than domestic purposes filtered water supplied 
under this chapter for the said purposes. 
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Soc. 246. — (1) Unfiltorod water shall be used for public purposes, such 
as. — (a) Street washing ; (6) flushing of^municipal drains, public privies and 
urinals, gully pits and hackney-carriage stands ; (c) extinguishing fires ; 
(d) flushing privies and urinals on private premises connected with the 
sewers ; (e) for flushing drains, cleansing stables, cattle-sheds and cow- 
houses occupied by animals which are not kept for profit or hire. 

(2) It shall not be used for domestic purposes. 

Prohibition of Wvste and PoLLunoN of Water 

Sec. 2G8. — (1) No occupier of any promises shall negligently or other- 
wise suffer such water to be wasted, or shall suffer the pipes, taps, works 
and fittings for the supply of water, or any of them to remain out of 
repair to such an extent as to cause a waste of water 

Sec. 28 i.-— Whenever a supply of filtered and unflltered water has 
been provided in any street, the Chairman may, by written notice, require 
the owner of any well, situated in premises which are supplied from the 
mains, to fill it up with suitable materials. 

Sec. 459. — The Chairman may from time to time set apart suitable 
places for use of the public for bathing, washing animals, or for drying 
clothes, and may prohibit the use by the public for any of the said pur- 
poses of any place not vesting on the Corporation. 

Soc. 461.— No person shall (a) bathe in or near anv tank, reservoir, 
fountain, cistern, duct, stand -post, stream, well or other sources of water- 
supply or in any place vesting on the Corporation ; (b) wash or cause to be 
washed, in or near any such source or place, any animal, clothing, or other 
article ; (c) throw, put or cause to enter into the water in any such source 
or place any animal or other tiling ; (d) cause or suffer to drain into or 
upon any such source or place or to be brought thereinto or thereupon,^ 
anything whereby the water may be in any degree fouled or corrupted ; 
or {€) dry clothes in or upon any such place. 

Sec. 462.— No person shall (a) steep in anv tank, reservoir, stream, 
well or ditch, any animal or any vegetable or mineral matter whieli is 
likely to render the water thereof offensive or dangerous to health ; or 
(b) while suffering from any contagious or loathsome disease, bathe on, 
in or near any bathing platform, tank, reservoir, fountain, cistern, duct, 
standpost, stream, or well. 



CHAPTER II 


AIR 

Pure air is necessary for healthy life, and perfect 
health can only be maintained when, in addition to 
other requirements, there is an abundant supply of pure 
air. Health and disease are in direct proportion to the 
purity or otherwise of the air ; increase in the amount 
of ill-health being largely due to impurities of the air. 

Composition of Aik 

Air IS a mixture and not a chemical compound, and its 
composition is practically constant. This uniformity of 
composition is due to diffusion, constant movement by 
means of air currents and the reciprocal action of ani- 
mals and plants on air. 

The following is the approximate* composition of air : 
Oxygen . . . . . . 200.6 per 1000 volumes 

Nitrogen 790.0 

Carbonic acid . . . . 0.4 ,, 

Watery vapour . . . . varies with temperature 

Ammonia . . . . . . trace 

Organic matter 
Ozone 

Salts of sodium 
Other mineral substances . . ) 

Nitrogen forms 70 per cent, by volume and 76.9 pci 
cent, by weight. Another important body forming 
about 1 per cent, of the nitrogen of the air is Argon, 
having an atomic weight of 39.8. Oxygen is the principal 
agent in supporting animal life and promoting the com- 
bustion of bodies. 
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The presence of nitrogen is as a diluent and to modify 
the activity of the oxygen. 

Ozone, — In popular language this is known as “ con- 
densed oxygen,” 302~203. It is found in very minute* 
quantities, if at all, in the atmosphere of towns. Its 
chief source in nature is atmospheric electricity, and 
it is also partly derived from evaporation of large masses 
of water. Hence ozonised air is abundant on the sea- 
coast. The readiness with which it parts with its extra 
atom of oxygen makes it of special value from a hygienic 
point of view, for by this action it renders organic effluvia 
innocuous. It is recognised by its peculiar odour, and 
by its turning blue a piece of blotting paper moistened 
with a solution of potassium iodide and starch. It is 
non-combustible and slightly soluble in water. 

Carbon Dioevide. — -The chief sources of carbonic acid in 
the air are respiration, fuel combustion, decomposing 
animal or vegetable matter, volcanic and other allied 
phenomena. Along with its production there are means 
of its removal from the atmosphere. The quantity of 
free CO 2 is subject to slight fluctuations ; The proportion 
of CO 2 is increased by oxidation of organic matter, respira- 
tion, putrefaction and chemical action in the soil, and is 
decreased by vegetation, by currents of winds and rain, 
and in rooms by proper ventilation • COo is said to be 
absent from desert air. The inhabited rooms contain 
between 3 to f parts per 10,000 and when this is exceeded 
it should be considered as impurity. The amount of 
CO 2 varies from 0.02 to 0.05 per cent. Being a direct 
result of combustion, COg is found in considerable 
amount in big cities and towns. 

Amoionia.— Ammonm and its salts are always present 
in the air in small quantity. The amount of ammonia 
present in the air is an indication of decomposition of 
animal matter taking place on the surface. Its amount 
diminishes after rain, which dissolves it. 

Organic and Suspended Matters, — These consist of 
minute particles of mineral matters, common salt 
(especially near the sea), soot and dust, 'bacteria and their 
spares, vegetable debris, etc. 
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Moisture , — This is always present in the air, but is 
subject to ijfreat variations ; the amount however depends 
on temperature. There is more watery vapour in the 
tropical atmosphere than in temperate and cold climates, 
more at sea than on land, more in summer than in winter, 
and at midday than in the morning and evening. Water 
has an important innuene(‘ on health both directly and 
indirectly. The evaporation of the moisture from the 
skin is the great regulator of the temperature of the body, 
and if the quantity of w^atery vapour in the atmosphere 
is great, this is interfered with. 

Physical Properties. 100 cubic inches of air weigh 
about 32.5 gms. at 32^F. The volume of gas under 
varying conditions of pressure is inversely proportionate 
to the pressure (Hoyle’s Law), and when heated it in- 
creases in volume according to a special law ((diaries’ 
Law). Gases diffuse at a rate inversely proportional to 
the square root of their densities. 

Impurities of Air 

The chief sources of impurity of the air arc the follow- 
ing 

1. Products of respiration. 

2. Products of combustion. 

3. Products of decomposition. 

f. Dust. 

5. Bacteria. 

1. Products of Respiration , — The commonest and at 
the same time the most important impurities in the air 
of occupied rooms are those associated with respiration, 
COg is being constantly formed in the body and is carried 
to the lungs by the venous blood. The changes brought 
about in the air by respiration and emanations from the 
skin are largely responsible for ill-hcalth. Oxygen is 
considerably reduced and CO2 is increased and there is 
also a trifling change in the proportion of nitrogen. 

Foul odours, increased moisture and raised tempera- 
ture help considerably to the discomfort of the air from 
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which oxygen has been reduced, which is vitiated 
by an excess of CO 2 and hy added volatile organic matter 
and dust of various kinds. It is this combination which 
is most favourable to the growth and development of 
organisms, disease producing or otherwise. 

A man usually respires about 17 times in a minute 
and at each respiration an adult gives out 30*5 cubic in. 
(500 e.c.) of air. An adult male gives off 0*72 e. ft. in an 
hour. But actual experiments show^ an average of 0*9 
c. ft. of CO 2 during gentle exercise. In a mixed commu- 
nity 0.0 cubic ft. of C'Og ]H'r hour per head may be taken 
as the standard. Tlie proportion of gases in inspired and 
expired air per 100 parts are as follows r- 


Oxygen 
Nitrogen 
Carbonic acid 


Inspired air 
. . 20.90 
. . 79.00 

0.04 


Expired air 
10.40 
79.19 
4.41 


Thus it will be seen that the expired air contains 4 to 
5 per cent, less of oxygen and 4 per cent, more of CO 2 . 
The temperature of the expired air is higher than tliat of 
the inspired air. These may also be derived from volatile 
products given ofTfrom the teeth and gums, from dirty 
skins, and from excretions adhering to foul clothing. 

(a) Carbonic Acid . — The amount of CO 2 in tlic air 
has been adopted as an index of the total condition which 
is prejudicial to health and comfort. As long as COg 
does not exceed 2 to 3 p.c. hardly any effects are felt. 
But the breathing becomes quicker and deeper wdth the 
increase in percentage till it reaches 5 p.c. when there is 
distinct panting. The dyspnoea becomes distressing 
when it reaches 7 or 8 p.c. The average air contains 
0.03 to 0.0 1 CO 2 per 100, or 0.3 to 0.4 per 1000 volumes, 
and if a man breathes for an hour in a room of 1000 
cubic ft., the amount of COo at the end of the hour, if 
no air is admitted or withdrawn meanwhile, will be 
0.6 -^0.4 — 1.0 cubic ft. An average man gives off about 
half a cubic foot of CO 2 per hour. But this amount of 
CO 2 is unwholesome, and must be diluted till the total 
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COg comes down to 0.6 per 1000. This is done by 
allowing 2000 cubic ft. of normal air per hour, thus 
making up a total of 2000-}- 1000— 3000 cubic ft. of air 
per hour. 

(b) Watery Vapour, — The amount of water given off 
by the lungs and skin in twxnty-four hours by each person 
varies with the temperature and humidity of the surround- 
ing atmosphere, as well as w'ith the amount of work done. 
10 ozs. of water from the lungs, and 20 to 30 ozs. from the 
skin may be regarded as the average amount under 
average condition. The tendency of tlie air is to reach 
saturation, and this makes the air of a crowded room so 
uncomfortable. 

(c) Organic Matters.— given off by the lungs and 
skin the organic matters differ much in liealth and disease. 
They consist of vapours from the lungs and mouth, 
volatile and fatty acids from the skin and particles of 
epithelium. It gives an appreciable quantity of albu- 
minoid ammonia wdien distilled with alkaline perman- 
ganate, The organic matters promote the growth of 
microbes, and milk, meat and other foods wdien in contact 
with them rapidly become tainted. 

2. Products of C omhustion.- The chief products of 
combustion are carbon dioxide and carbon monoxide, 
sulphur compound, or watery vapour. When fued is 
burnt the carbon of wood, coal, or charcoal unites with 
the oxygen of the atmosphere and forms either carbonic 
acid or carbon monoxide. The former is a compara- 
tively harmless compound and the latter is a narcotic 
poison. 

3. Products of Decomposition.- Decomposing animal 
and vegetable matters give off poisonous gases. Sul- 
phuretted hydrogen is evolved from marshes, and from 
collections of refuse and decaying vegetable matter. 
When present even in the proportion of 1 in 7000 it is 
dangerous to human life. When present in very minute 
quantities giddiness, headache, and general depression 
are produced. 

4. Dust and Suspended, Matters, — Roth organic and in 
organic substances are suspended in the atmosphere. 
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Scales of epithelium, fibres of cotton, linen and wool, 
particles of hair, etc., can be found in inhabited but 
imperfectly ventilated rooms. A peculiar smell hangs 
about sick rooms or hospitals, chiefly due to the patients’ 
excretions. Dust arising from filing metals, stones or 
pearls, spinning textile fibres of all kinds, cement, etc., 
add to the suspended impui’ities of air. 

5. Micro-or nanisms ,— great source of aerial bae- 
teria is the soil which is teeming with micro-organisms. 
On windy days in dry weather the air always contains 
more bacteria than at other times. Bacterial popula- 
tion of air is also derived from all collections of dust 
and dirt from rooms and from inhabited spaces of any 
kind. Although the microbes present in the air are 
considerable in number, for the most part they are 
harmless, but specific disease germs of tubercle, typhoid, 
etc., have also been isolated from the air of crowded 
rooms. Sunlight, especially in the tropics, has a germi- 
cidal power and is an important factor in reducing 
the number of air organisms. The bacteria found in 
the atmosphere are carried in the form of particles of 
dust. The pathogenic non-sporing organisms, which 
cannot live in the dry state, can thrive on dust particles 
sufficiently large to prevent complete drying. 

A number of manufacturing impurities also pollute the 
air. The chief ones are : — 

{a) Hydrochloric acid gas from alkali works. 

{b) Sulphur dioxide and sulphuric acid from copper 
melting and bleaching works. 

(c) Hydrogen sulphide from chemical \iorks. 

(r/) Carbon monoxide, carbon dioxide, and sulphuret- 
ted hydrogen from brick-fields and cement works. 

{e) Carbon monoxide from iron and cop^ier melting 
works. 

if) Organic matters from glue and gelatin factories, 
(g) Zinc fumes from brass works. 

(/^) Arsenical fumes from metal works, where arsenic 
is used as an alloy. 

(i) Phosphorus fumes from match factories. 

( j) Carbon disulphide fumes from india-rubber works* 
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Air in Mines,— This is rich in carbonic acid (2 parts 
per 1000), and contains in addition carbon monoxide, 
hydrogen and sulphuretted hydrogen. The dclicicncy 
of oxygen in air (200 parts per 1000 of air) is the cause of 
death in mines, following ex]dosions. The gases that 
are formed in a mine after an explosion are called “ after 
damp,” whereas “ black damp or choke damp ” is formed 
ordinarily, and is the residual gas left on sl(^' oxidation 
of the carbon and hydrogen of coal by air. It does not 
explode when mixed with air, and it does not support 
combustion or life owing to the deficiency of oxygen. 

Sexier Air.— The air of sewers has long been regarded 
as dangerous and a likely source of infection in certain 
diseases, but it is only of late that much attention has 
been directed to its careful examination. The gaseous 
products of the decomposition of animal organic matter 
have been sought for, as also the micro-organisms of 
infectious diseases, <?.g. the bacillus of typhoid fever. It 
is now believed that the air of sewers plays very little 
I'lart in the conveyance of typhoid fever : and that the 
air of sewers, as regards organic matter, carbonic acid, 
and micro-organisms is in a very much better condition 
than the air of naturally ventilated school rooms. 

Impurities due to Combustion 

Coal contributes largely to the impurities of the atmos- 
pheric air. There are three kinds of coal— anthracite 
or smokeless coal, bituminous coal and lignite. Bitumin- 
ous coal is used for the manufacture of illuminating 
gases and for domestic purposes. It gives off during 
combustion three times its weight of carbonic acid gas, 
small quantities of carbonic oxide, sulphurous and 
sulphuric acids, carbon disulphide, sulphuretted hydro- 
gen, and moisture. About 1 per cent, is given off in the 
air as soot and tarry products. Ofie pound of coal requires 
about 240 to 320 cubic ft. of air for complete combustion. 
Ti e impurities imparted to air during combustion of 
coke and wood are similar to those of coal with the excep- 
tion that wood only gives carbon dioxide and monoxide 
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with more water but less sulphur compounds. When 
these products of combustion pass into the air they are 
at once diluted and purified by the currents of air and by 
the diffusion of gases. 

By “ one candle power ” is meant the light given out 
by a sperm candle burning 120 grs. per hourw This gives 
out 0.4 cubic ft. of carbonic acid and consumes about 1000 
cubic ft. of fresh air hourly. The chief popular illuminant 
is coal gns. .\n ordinary gas burner consumes about 
4 cubic ft. of gas. and gives off about 2 cubic ft. of CO 2 , 
per hour. Hence about 10,000 cubic ft. of fresh air per 
hour for each burner burned is necessary if the COg is to 
be kept down to 0.6 per 1000. When purihed, coal gas 
contains approximately hydrogen 17 per cent., marsh 
gas 07 per cent., carbonic oxide 6 per cent., illuminants 
(acetylene, ethylene) 6 per cent., carbonic acid 1 per cent., 
nitrogen, sulphurous acid, etc., 5 per cent. The products 
of combusion of coal gas are nitrogen 67 per cent., water 
16 per cent., carbonic acid 1 per cent., carbonic oxide 
variable, sulphurous acid and ammonia. When burnt, 
1 cubic ft. of ordinary coal gas gives off half its own volume 
of CO 2 and 1.34 cubic ft. of watery vapour ; therefore, 
the degree of iiollution of air can be easily estimated 
knowing that on an average 4 cubic ft. of gas per hour 
are consumed. 

Coal gas unconsumed is poisonous ; minute e sca^ ies are 
very dangerous. Of the ingredients of coal gas all except 
hydrogen, nitrogen, and the hydrocarbon vapours arc in 
various degrees poisonous. When burnt, coal gas yields 
also CO 2 and SOg, consequently coal gas, burnt or un- 
burnt, is always an impurity in the air of a room. Some 
forms of coal gas contain large amounts of carbon mon- 
oxide and are especially dangerous. 

'^The incandescent electric lamp is the best source of 
light from a sanitary point of view, as it is not dependent 
on the oxygen of the afr and does not vitiate the atmos- 
phere in any way. The next best is the Welsbach incan- 
descent gas burner ; it is an ordinary Bunsen burner, 
over the flame of which a cap (rnantle) of asbestos gauze 
net work is suspended. This is rendered non-inflammable 
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by chemical treatment. The flame itself is intensely 
hot, though not luminous, and light is produced by the 
mantle being rendered incandescent and so giving a 
brilliant illumination — whiter and steadier than the 
ordinary gas flame. This burner gives off less C'02 than 
any average oil lamp, and consumes less than half the 
amount of gas which an ordinary burner does. It evolves 
half as much heat, but produces three times more illu- 
minating power than the best ordinary gas burner. 

Diseases due to Impuiutifs of Aik 

A. Effects of Dust and other Solid Impurities.- Dust 
consists ])rinci pally of mineral particles of formed or 
unformed organic matter of animal or vegetable origin, 
e.^. epithelia, fibres of wool or cotton, or particles of 
animal or vegetable tissues. The effects de])end on the 
amount inhaled and on the physical condition of the 
particles, whether sharp-pointed or rough, etc. They 
always injure health and the principal affections arising 
therefrom are catarrh, bronchitis, fibroid pneumonia, 
asthma, and emphysema. Potters’ asthma (emphysema) 
is due to dust, and miners’ anthracosis to coal dust. 

B. Effects of Suspended Impurities,— Workers in rags 
and wool suffer similarly from dust. Dust from flej?jces 
of wool has caused anthrax. Mill-stone cidters, stone 
masons, pearl cutters, sandpaper makers, knife grinders, 
millers, hair dressers, miners, fur-dyers, weavers, etc., 
all suffer from diseases of the lungs caused by the inhala- 
tion of dust and other suspended matters. Cigar-makers 
inhale the dust of tobacco leaves and may suffer from 
tobacco poisoning. Inhalation of pollen grains produces 
hay asthma. Brass founders inhale fumes of oxide of 
zinc, and suffer from diarrhoea, cramp, etc. Match- 
makers inhale fumes of phosphorus and suffer from 
necrosis of the lower jaw. Ulceration and finally des- 
truction of the mucous membrane of the nose occurs 
in those engaged in the manufacture of bichromate of 
potash. Workers engaged in the preparation of glass- 
mirrors often suffer from mercurial posioning, while 
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plumbers may be attacked with colic and palsy. Workerjr. 
in arsenic, as those who prepare wall papers and artificial 
flowers, suffer from symptoms of arsenic poisoning., 

C. Effects of Gases and Volatile Effluvia : — 

(a) T'he effects of sases on health are disputed. The 
chief impurities are : — 

1. Hydrochloric acid vapours which cause irritation 
of the lungs and diseases of the eye. 

2. Carbon disulphide vapours causing headache, 
muscular pain and depression of the nervous system. 

3. Ammonia causing irritation of the conjunctiva. 

4. Carburetted hydrogen causes headache, vomiting,, 
convulsions, etc., when ijohaled in large quantities. 

5. Carbon monoxide imparts a cherry red colour to 
the blood, and, by interfering with oxygenation, may 
cause death. 

6. Hydrogen sulphide causes diarrhaa, headache, 
nausea, and muscular and nervous depression. 

{b) Effects of effluvia : — 

1. Effluvia from Brick f elds, — Bricks are burnt in two 
ways, in clamps and in kilns. Clamp burning is very 
offensive, for besides the ordinary products of combus- 
tion, certain pyy.oligneous matters are also formed, which 
have a very disagreeable smell and are injurious to heatih. 
Clamp burning should not, therefore, be permitted near 
inhabited localities. In clamps bricks are arranged in 
quadrangular piles alternating with combustible materials, 
and burning is carried out by means of coal fires and chips. 
Sometimes diist-bin refuse is used to burn the bricks ; 
in such cases the partially burnt organic vapours are 
highly disagreeable. In kiln burning bricks are burnt 
with the aid of coal only, and if the kilns are provided with 
flues the liability to nuisance is much less, as the products 
oFcombustion are more perfectly consumed. 

2. Effluvia from Offensive Trades, — The effluvia arising 
from stables, cowsheds, tanneries, fat and tallow fac- 
tories, gut scraping, bone boiling, paper making etc., are 
all very offensive, and affect health by causing headache,, 
diarrhoea, etc. {See Offensive Trade.) 
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3. Effects of Gas from Sewers and Hoii^e Drains, - 
The air in the main sewer is purer than that of the house 
drains. Among the effects may be mentioned diarrhoea, 
gastro-intestinal affections, sore-throat, diphtheria, 
anaemia, and constant ill-health. J3iseases like cholera, 
enteric fever, erysipelas, measles, scarlet fever, etc., are 
aggravated by sewer gas. Children arc affected more 
than adults. A severe form of tonsillitis is often found in 
the occupants of a badly drained house. '" This is com- 
monly known as “ sewer air throat.” Persons working in 
well-ventilated sewers do not usually suffer from any 
illness, but if ventilation is wanting syncope may occur. 

4. Effluvia frojn Decomposing Organic Matter, — Gases 
from decomposing carcases may cause diarrhoea and 
dysentery. Gases from manure and similar manufac- 
tories cause nervous depression, gastro-intestinal irrita- 
tion, and occasionally ophthalmia. 

•J D. Effects of Air Vitiated . by Respiration. — ^When 
carbonic acid in a room exceeds 0.6 volumes per 1000, the 
atmosphere becomes perceptibly close and stuffy to a 
person entering from outside. This sense of discomfort 
is due to the excess of COg, deficiency of oxygen, and to 
increased heat and moisture. The effect of expired air 
has a deteriorating influence on health, as it produces 
heaviness, headache, and nausea. 

Air vitiated by respiration differs in various directions 
from ordinary air : in closed and confined rooms the 
exhaled air is breathed and rebreathed over and over 
again, each time becoming more and more foul and im- 
pure. In minor and ordinary degrees the earlier symp- 
toms are dullness and lassitude, headache and loss 
of appetite, pallor and ansemia, eventually proving 
highly injurious to health. Lungs are most frequently 
affected, and consumption and scrofula are often asso- 
ciated with this condition. This is more marked when 
combined with deficient exercise and poor feeding. The 
increased facility for transmission of diseases like measles, 
diphtheria, etc., is due to the ready growth of disease 
producing organisms in such air, and to the predisposition 
brought about by the lowered constitution. 

5 
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EXA.MINATION OF AlR 

Collection of the Sample. — For examination purposes, 
airjis best collected in large wide-mouthed glass jars of 
about 3 to 4 litres capacity, thoroughly cleaned and dried. 
The sample should be taken at the time when the atmos- 
phere is at its highest degree of vitiation, as for example, 
in the case of school rooms when all the students have 
been in the class for some time. There are two methods 
of taking the sample : — 

1 . Take the jar tilled with distilled water into the room, 
and empty it by turning it ui)side down. Dry it in the 
room and put the stopper in lightly or cover it up with 
an india-rubber cap, so that no outside air can get an 
entrance. 

2. Air may be blown in by bellows having a long 
nozzle, so that it may reach the bottom of the jar, and 
displace air from the very bottom. 

The vessels should always bear a label on which the 
cubical capacity of the jar, the barometric pressure, and 
the temperature at the time of the collection of the sample 
should he noted. 

1. Examination by the Senses. — One with an acute 
sense of smell can readily detect the presence of carbon 
disulphide, sulphuretted hydrogen, coal gas, organic 
matter, etc. De Chaumont was the first to point out 
that the peculiar foetid smell perceived on entering an 
inhabited room froim fhe outside was the result of the 
influence of atmospheric humidity on the organic matter. 
The impression on coming from the open air into an 
inhabited room should be recorded at once, as the sense 
of smell gets dulled very soon. The smell also depends 
on the cleanliness or otherwise of the room and its 
occupants. 

2. Chemical Examination. — The ill effects are due 
more to the presence of CO^ and organic matter than to 
the deficiency of oxygen. Hence the determination of 
CO 2 in air is of great value ; being the product of combus- 
tion and respiration it gives an index of the degree of 
pollution of the air. The popular method of estimating 
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the amount of COg is that of Pettenkofer, and depends on 
the fact that an alkaline medium like water or baryta 
water absorbs COg, the alkalinity being thus diminished. 
Therefore the difference in the degree of alkalinity before 
and after the experiment gives an index of the amount 
of COg. 

Technique, — Add 50 c.c. of clear and fresh baryta 
water to the sample of air in Winchester quart and re- 
place the stopper. Allow it to stand for some time with 
occasional shaking to allow the COg to mix with the 
baryta water to form barium carbonate. The alkalinity 
of baryta is determined by a standard solution of oxalic 
acid, 1 c.c. of which is e(jui valent to 0.5 c.c. of COg. 
Phenol phthalein is used as an indicator, the colour dis- 
appearing on neutralisation. The following is an illus- 
tration : 

''J'he jar is found to contain 3950 c.c. 

As 50 c.c. baryta water were run into the jar, the air 
experimented on = 3950 — 50 —3000 c.c. 

On titrating 25 c.c. of the original baryta water, 22.50 
c.c. standard acid solution were required to neutralise it. 

The baryta water in the jar required 19.35 c.c. 

22.50 — 19.35 = 3.15 c.c. = difference of acid used. But 
1 c.c. of acid=0.5 c.c. COg at 0%\ and 760 mm. of mercury. 

Tlierefore COg taken up by 25 c.c. of bartya = — 
1.575 c.c. 

As 50 c.c. were used the COg absorbed by the baryta 
=3.15 c.c. 

This was present in 3900 c.c. of air. Therefore the COg 
=0.80 per cent. 

Correction may be required for variations from the 
normal pressure of 760 mm. and normal temperature of 
O^C., in accordance with ordinary rules which are given 
here : — 

Measurement of quantity of gases at the normal tempera^ 
ture o/0°C. and pressure, i,e, 760 of mercury. 

Th(‘ variations which arc produced in the volumes of 
gases by changes of pressure and of temperature, within 
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moderate limits, are in accordance with the following 
laws : — 

V {Boyle's Law. — ^Vhen the temperature of a quantity of 
gas is kept constant, the volume which the gas occupies 
varies inversely as the pressure). Thus, supposing the 
temperature to be constant throughout, a quantity of gas 
which occupies 1 litre at a given pressure occupies half a 
litre when the pressure is doubled ; one-third of a, litre 
when the pressure is trebled, 2 litres when the pressure is 
diminished to one-half the original pressure, 3 litres when 
it is diminished to one-third, and so on. 

A numerical illustration will show the mode of apply- 
ing this rule in measuring the quantity of gases. 

We measure 2000 c.c. of a gas at atmospheric pressure, 
and the barometer reads 742 mm. The question is : 
What would be the volume of this amount of gas at 

742 

760 mm. barometric pressure ? It will be 2000 X c.c. 

It is not necessary to use any formula, but absolutely 
essential to ask : Is the new pressure greater or less than 
the old ? Here it is greater. Hence, according to the 
law, the new volume will be less, so that the fraction 
must be arranged in the smaller number in the numerator. 

{Charles' Lazv. — ^When the pressure, to which a quan- 
tity of gas is subjected, is kept constant, the volume which 
the gas occupies varies directly as the absolute tempera- 
ture). The absolute temperature is obtained by adding 
273 to the observed temperature, in degrees centigrade, 
of the gas. 

The application of this law may be best illustrated 
by an example. We obtain 2000 c.c. of a gas at 20°C. 
and wish to know what volume it would occupy at 0°C. 
To answer the question we convert the centigrade 
temperatures to the absolute scale bv adding 273 to each. 

278 4-0 273 

Thus 2000 X — - or 2000 X^^^ = volume at 0° required. 

No formula is needed. We simply ask whether the new 
temperature is higher or lower than the old one. Here 
it is lower. The new volume will therefore be smaller 
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than the old one. So we take care to place the smaller 
number in the numerator. 

’^The behaviour of gases in respect to changes of tem- 
perature and pressure is perfectly independent of one 
another, so that the above laws ma}?' be applied to any 
example, either in succession, using the answer for the 
first calculation in making the second, or simultaneously. 
Thus 2000 c.c. of gas of 742 mm. pressure and 20°C. 

742 273 

become x X — c.c. at 0°C. and 760 mm. 

The normal temperature and pressure are usually 
written as N.T.P. 

The above laws arc usually put in the mathematical 
form thus : — 

V IP _ ‘^3+t 
Vipi “ 273 +t' 

Qj;ie should familiarise himself with the method of 
calculating the changes of volume suffered by gases, by 
changes of temperature and pressure, by working out 
a number of examples such as the following : — 

1. If 30 litres of gas are cooled from 25°C. to 0°C. 
what is the diminution in volume, the pressure being 
constant ? 

A ns, — 2.51 litres. 

2. A quantity of gas measures 2500 c.c. at the tem- 
perature 27^C. Required its volume when the h^mpera- 
ture is lowered to 0.°C. 

Ans,— 2275 c.c. 

3. Reduce 2280 c.c. of air at 30®C. and 750 mm. to 
0°C. and 760 mm. 

Ans, — 2027.4 c.c. 

In ^ particular estimation of CO 2 in air, the capacity 
of the Winchester quart was 1950 c.c. ; 50 c.c. of baryta 
water used and 25 c.c. of this — 12.9 c.c. of standard 
oxalic acid (1 c.c.— 0.5 c.c. of COg at N.T.P.) 

25 c.c. of the original baryta water— 14.2 c.c. of oxalic 
acid. The temperature and pressure at the time of the 
experiment being 29°C. and 75C mm. 
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Calculate the volume of CO 2 in 10,000 vols. of air 
at the normal temperature and pressure. 

Ans. — 7.61. 

Organic impurities may be estimated by aspirating a 
definite amount of air through a freshly prepared^dilute 
solution of potassium permanganate of known strength. 
The result is determined by calculating the number of 
cubic feet of air required to decolorise 0.001 grm. of 
potassium permanganate in solution. 

3. Microscopical Examination of Air. — Aspirate air 
slowly through a series of bottles each holding about 
100 c.c. of distilled water, and allow the suspended matter 
to settle, drain oil the su])ernatant fluid and examine 
the residue under the microscope. 

4. Bacteriological Examination of Air, — Various me- 
thods haVe been suggested for the estimation of the 
number of micro-organisms in the air, of which Hesse’s 
method is generally adopted. The apparatus consists of 
a glass C 3 dinder about 30 in. long and 2 in. in diameter,, 
one end of which is plugged with a rubber cork through 
which a glass tube passes, the other end is covered with a 
piece of sheet rubber perforated with a hole I to i in. 
in diameter, over which is placed another unperforated 
sheet of rubber. The small tube is plugged with cotton- 
wool. Inside the cylinder, which has been previously 
sterilised, 40 to 50 c.c. of liquid gelatin is allowed to 
solidify, over which the germs arc deposited during the 
passage of the air. The ends of the tube are then plugged 
with sterile cotton-wool and it is placed in the incubator 
for twenty-four hours or more, after which the colonies 
are counted when they have developed. 



CHAPTER III 


VENTILATION 

Thk term “ ventilation ” has a very wide significanee, 
blit it is generally restricted to the means of removal or 
dilution of the foul gases and impure suspended matters 
which have accumulated in the atmosphere of buildings 
inhabited by men and animals. This is sometimes called 
internal ventilation. But in the case of the general air 
space of towns advantage is taken of the natural means 
of purification of air. This is done by making the streets 
broaf], building houses moderately high, and not very 
close to one another, so as not to impede free circula- 
tion of air. This external ventilation is of primary 
importance, for upon the purity or otherwise of outside 
air depends the possibility of good internal ventilation. 
Efficient external ventilation may also be ensured by 
preventing other impurities from entering the air, by 
watering the streets to lay the dust, by careful inspec- 
tion of all drains and sewers, by transporting all offen- 
sive trades and occupations to special quarters, by the 
speedy removal of street and other refuse, and by keep- 
ing plenty of open spaces and parks. 

Ventilation to be satisfactory must conform to certain 
conditions, viz, it must supply pure air from without, 
it must keep the air within the room at a proper 
temperature and maintain a continuous circulation. 
It must also be able to remove gases, odours, bacteria, 
dust, etc., which contaminate the air, and dilute and 
remove the impurities produced by combustion. 

Amount of Air required for Ventilation 

This depends upon the amount of impurities present 
in the air requiring dilution and dispersion. Ventilation 
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aids only in the removal of the products of respiration 
and combustion. Whatever may be the impurities, 
carbon dioxide is regarded as the chief index of air vitia- 
tion. 

1, Amount of Air required for the Healthy. — The 

question naturally arises what should be the standard 
of purity of air in a dwelling house ? A room should 
ventilate itself thoroughly when all the doors and win- 
dows are closed, so that a person coming in from the 
fresh air should not perceive any smell or stuffiness. 
It has been found by experience that when the amount 
of CO 2 in a room exceeds 0.6 volumes per 1000, the air 
gives a distinct feeling of tightness to a person entering 
from outside, and it is usual to adopt this as the standard 
of purity. The amount present in pure air is 0.4, and 
the object of ventilation is to prevent the CO^ from 
exceeding 0.6 per 1000. De Chaumont holds that vitia- 
tion to the extent of 0.2 per 1000 and not greater may 
be allowed with impunity. Hence the permissible liniit 
of respiratory impurity is 0.2 per 1000 or 0.0002 cubic ft. 
of CO 2 per one cubic ft. of air. The amount of COg 
varies with the weight and activity of the person. For 
a mixed community 0.6 cubic ft. of COg per hour may be 
taken as the general average, and for adult males 0.7. 

By dividing the amount of CO 2 exhaled in an hour by 
the permissible limit of respiratory impurity, Dc Chau- 
mont estimated the number of cubic feet of air per hour 
required for each person. This is the standard now 
accepted, and is expressed as under 



Where ^--COg exhaled in an hour per head, i,e. 0.6 cubic ft. 
p —limit of respiratory impurity per cubic foot 
(i.c., 0.0002 cubic ft.). 

d—the delivery or amount of fresh air available 
in cubic feet per hour. 

0 6 

Therefore —3000, the number of cubic feet of 

air necessary for every individual of average weight per 
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hour. This formula may be used conversely to find out 
from the condition of the air the amount of fresh air that 
has been supplied and utilised. But for this purpose we 
substitute for p (the limit of respiratory unit), the ? 

•observed ratio : thus, ~ 

Pi 

Suppose total COg in a room is l.l per 1000, or 0.0011 
per cubic foot, it is 0.0004 in the atmosphere : therefore 

is 0.0011—0.0004 or 0.0007 : thus ^ =d or 

pj 0.0007 

cubic feet of air supplied. 

By transposing the last formula we can calculate the 
probable state of the air of a room into which a known 
quantity of air has been or is being admitted. Thus 
e 
(I 

If five persons occupy a room with a capacity of 6000 
cubic ft. for 6 hours, and allowing 8000 cubic ft. of air 
per hour, what would be the percentage of COg at the 
-end of the hour ? 

Each person gives off 0.6 cubic ft. of COg per hour. 
Therefore 0.6 X 5 x6 — 18 cubic ft. of COg for five persons 
in six hours. 

e 18 

Thus -j- ~pi becomes 0.00033 per cubic 

ft. or 0.033 per cent. An adult man during exertion as 
in doing hard work may give out about 1.6 cubic ft. of 
COg hourly, consequently a greater amount of fresh 
air is necessary. 

The average hourly exhalation of carbon dioxide for a 
child is 0.4 cubic ft., for an adult male 0.72, and for a 
woman 0.6. 

An adult male requires about 3000 cubic ft. per hour. 
A child ,, 2000 ,, ,, 

In a mixed community 3000 cubic ft. are required. 

2. Amount of Air required for the Sick. — For sick 
persons in hospitals the amount of fresh air should exceed 
that required by the healthy at least by one-fourth. For 
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instance, if 3000 cubic ft. be the average in health, 3750^ 
cubic ft. will be required in sickness per hour. 

3. Amount of Air required for Combustion, — An 

ordinary flat-11 ame gas burner which generates about 2i 
cubic ft. of CO 2 will consunxe 5 cubic ft. of gas per hour, 
1000 cubic ft. of air are needed for every cubic foot of COg 
per hour. Therefore about 2250 cubic ft. of fresh air 
must be supplied per hour for each gas burner in a room. 

The following table modified from Nottcr and Firth 
shows the relative amounts of oxygen removed from the 
air, carbon dioxide given off, and quantity of carbon 
consumed, per hour by various forms of artilicial liglit : — 



Quantity 

consumed. 

Oxygen 

teni(o.cd 

pioduced 

Vitiation 
equal to 
adults 

Tfillow candle 

2200 grs. 

10 7 c ft 

73c ft 

1 2 0 

Kerosene oil luni]) 

000 „ 

') 0 ,, 

^ 1 ,, 


Coal gas 

5 oc ft 

0 ,, 

2 H ,, 

' o 0 

Coal g.is (incandescent) 

5 ,, 1 

0 ]t> coal 

1 1 M 

).S „ j 

3 0 

Electric lightt^cande^cent) 

0 0 ,, 

0 0 ,, 

0 0 


It wdl be seen from the above table that the electric 
incandescent lamp is the best light from a hygienic point 
of view ; all other lights, being more or less dependent 
upon the absorption of oxygen from the air, vitiate the 
atmosphere by certain products which affect the health 
to a greater or less degree. 

4. Amount of Fresh Air required for Animals.- - 

Animals require fresh air as much as men do. A horse or 
a cow ought to have about 10,000 to 20,000 cubic ft. 
of air per hour, in the ratio of 20 to 25 cubic ft. per hour 
for every pound of body weight. 

Methods by which the Required Amount of Fresh 
Air can be Suppi.ied 

Practical ventilation is an engineering problem, but 
the conditions of ventilation can never be the same, 
owing to the fact that the rooms and houses requiring 
ventilation vary greatly. No single system, therefore, is 
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applicable to all. But the fundamental principles are 
more or less the same. 

The physical theory of ventilation may be stated in 
two propositions : - - 

(a) Given a “ head of air,” a continuous flov can be 
maintained throni^^K a room, the amount of air entering 
and leaving being equal. 

(b) A “ head of air ” is produced by difference of 
pressure between the air within and the air without the 
room. 

Now the question is how to produce such a head of air, 
or more a]3propriately how^ to provide each individual 
with approximately the quantity of air mentioned above ? 

Systeims of Ventilation 

In any system of ventilation the size and shape of the 
room are important factors requiring consideration. 
This however in dwellings, wojJ\shops, factories, scliools 
and dormitories is an economic question. But in any 
ease the room should be large enough to allow the air to 
be replaeed two or three times an hour without any 
perceptible draught. Taking this as the standard the 
minimum space is about one-third the quantity of air 
required per hour, i,e. from 700 to 1000 cubic ft. per per- 
son. The student should remember that air spac(i by 
itself has little value unless the air is replaced by free 
circulation of fresh air. Haldane and Osborne have 
shown that COg bears no relation to the amount of air 
space under practical condition. 

Ventilation may bo calssificd into 

A. Vacuum System. 

B. Plenum System. 

These involve either the extraction or propulsion of air 
in the room to be ventilated, and are ordinarily classed 
under the name of artificial ventilation. The common 
division into natural and artificial or mechanical system 
is quite inappropriate, since the so-called natural systems 
are artificial in a high degree, and the mechanical systems, 
involve practically the same principles. 
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A. Vacuum or Extraction System : — 

1. Open Fire with Flue. — The principle underlying 
this system is that heat expands the volume of air, reduces 
the density, and thus causes an upward flow which in tuxn 
sets up a current in the room-air. Ordinary fireplaces, 
chimneys, and ventilating gas lights act in this way. The 
effleieney of ventilation depends upon the difference 
between the temperature inside the room and the tem- 
perature of the air outside. Mines are usually v^entilatcd 
in this way by lighting a fire at the bottom of an upcast 
shaft. The main point to remember in this system is 
that the Are should be put at the bottom of the upcast 
shaft and provision made at suitable points for free 
admission of pure air. ]5y this method about 1000 to 
2000 cubic ft. of air are supplied per head ])er hour, but 
in mines where fiic damp is evolved as much as 6000 cubic 
ft. of air per hour per man are given. 

In cold countries many public halls, hos])itals and 
other large buildings are ventilated by this method of 
extraction. 

2. Inlets and Outlets. — The openings through which 
v^entilation is carried out arc known as inlets and out lets. 
Inlets are intended for the entrance of pure air and the 
outlets for the escape of vitiated air. This method of 
ventilation is known as “ natural ” ventilation. 

In warm climates the doors and windows supply all 
the necessary ventilation, and in some instances pervious 
walls, as of bamboo matting allow free perflation without 
any harm whatever. In coldeF" climates the doors and 
windows have to be closed and special arrangements must 
be made for inlets. The chimney serves the purpose of 
an outlet, but if insufficient other outlets must be provided. 

(a) Inlets. —The chief point with regard to the inlet 
openings is that they should be selected in such positions 
that the air supplied be pure and not polluted before 
admission. In India where ventilation is carried out 
through doors and windows, these should as far as possible 
be on opposite sides of the room. Where special inlets 
.are provided they should be near the floor, and from 24 
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to 48 square in. in area for each person. When the supply 
of air is cold, as in the hill stations, the current of air to 
which the body is exposed will be felt as a draught and 
might be intolerable. But the current may be allowed to 
enter without causing discomfort, provided its direction 
keeps it from striking directly on the persons of the 
inmates. To secure this it should enter vertically through 



Fig. 7. (After P<arkes and Kenwood.) 

Sketch of various provisions for ventilation. A, Sash window. 
B, Hopper sash-light falling inwa rds. C, Kidge ventilation. 
D, liouvred outlets. E, McKinnell’s ventilator. F, Shering- 
ham’s valve. G, Ellison’s conical bricks. H, Tobin’s tube. 

openings high enough to carry the stream into the upper 
atmosphere of the room where it would at once mix with 
warm air before its presence could be felt. 

The common forms of inlets, generally used in cold, 
countries are : — 
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1. Double Sash Window with an air space between. 
Swinging windows are often employed as inlets especially 
in hospitals and schools. 

2. Louvres or ventilators made on the principle of 
ventilation blinds. These can be opened or closed at will 
by a mechanical arrangement. 

8. A liinge at the upper part of the window so that it 
can fall forward and act as a Sheringham’s valve. 

4. Bricks perforated with conical holes with the tiarrow 
end outside. The air passing through the narrow to the 
broad end is so distributed that it is not felt as a draught. 

5. Tobin s Tube. - It is a short vertical shaft of me tal 
plate or wood which leads up thcjfiL9-lI from the floor level 
to a height of 5 or 6 ft. The lower end opens into the outer 
air through an air brick or an opening made in tlie wall ; 
the current of fresh air rises in a smooth stream through 
the upper opening and it does not seem to change its 
direction until it has gone far above the opening. 

6. Sheringhani^s Valve. —This is a flap door j^laced 
near the ceiling, and when opened it forms a wealge- 
shaped projection into the room, and admits air through 
the open top in an u])ward direction. 

7. McKlnneir s Ventilator consists of an inner and 
outer tube, one encircling the other, the inner forming 
the outlet tube, and projecting beyond the outer both 
outwards and inwards. 

~^(b) Outlets. — As a general principle the outlets should 
be placed opposite to the inlets. Respired air has a 
tendency to go upwards and outlet openings are best 
provided at the upper part of the room. Rooms with 
sloping roofs can have outlets in the form of ridge-open- 
ings along the entire top as in the case of Indian huts. 
In tropical climates windows are placed opposite to each 
other which act both as inlets and outlets. 

The regulation of the ventilation openings is of some 
importance. In colder climates it is better lor the 
windows to open at the top with a slope from below up- 
wards and inwards, so that the cold air may be directed 
upwards and then sink by its own weight. In India the 
windows almost always open either outwards or inwards. 
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and consequently the regulation of the direct force of the 
wind is not very easy. By keeping the Venetians partly 
closed, and the inner glass windows open, excess of light 
and wind may be prevented from entering the room. 

B. Plenum or Propulsion System ; — 

In I his system fresh air is driven into rooms by mecha- 
nical forces like revolving fans, stoves, steam-heated coils, 
steam jets or other appliances. The fans used for pro- 
pelling the air are known as “ blowers,” and consist of 
large and curved blades set obliquely on a rapidly revolv- 
ing axis. These are driven by gas, steam, or electricity. 
This mechanical system of plenum ventilation is some- 
times adopted in ]3ublic halls, etc., where the cubic space 
per head is necessarily small. 

1. Propulsion by Steam Jet. -The force of the steam 
jet forms the motive ]30wer. Tubes passing from arljacent 
rooms converge into the chimney below the steam jet 
and the upward current extracts air from them. This 
plan is very suitable in factories where there is a spare 
siqiply of steam. 

2. Propulsion by Means of Pumps. — This is used in 
some (‘olUcries for forcing in fresh or extracting foul air. 
Seldom used for ventilating buildings. 

Tlie advantages of artificial methods of ventilation are 
the constancy and facility with which fresh air is supplied 
under all conditions, whereas natural ones though less 
costly arc not under the human control being subject to 
atmospheric condi ti ons . 

It should be noted that where the cubic space is large 
there is less need of frequently changing the air. For a 
singl(‘ man a room having an area of 100 cubic ft., the 
air sliould be changed thirty times per hour if 3000 cubic 
ft. of air be given a procedure which would cause a very 
disagreeable draught in cold-weather, whereas if the area 
of the room be 1000 cubic* ft. the air requires to be 
changed only three times per hour for equal ventilation 
without creating any perceptible draught. By suitable 
arrangements of windows, etc., about half a dozen changes 
of the air of a room can be made without any draught 
being felt. 
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The authorised amounts of space aUpted per bead are 
as follows : — 

Soldier . . . . . . 600 cubic ft. 

Dormitories of poor houses 800 ,, (healthy })er8on) 

,, ,, „ . . 850 to 1200 eubie ft. 

(sick person) 

Poor-law schools . . 360 cubic ft. ; ^ 

Registered lodging houses 300 cubic ft. (above lOL*^ 
„ „ „ . . 150 „ (under 10) 

The allowable minimum floor space should not be less 
than one -twelfth of the cubic space. 

Purification of Air 

Purification of air may be brought about by both 
natural and artificial methods. The natural methods are 
very important and are as follows : — 

1. Rain. — This carries dissolved or suspended impu- 
rities to earth as evidenced by an increase in the amount 
of ammonia, etc. Rain is in fact a mechanical purifier 
and washes the air. 

2. Plants.- -The green parts containing chlorophyll 
take in COg from the air and assimilate carbon and give 
off oxygen to the atmosphere. 

3. A few constituents that enter into the composition 
of the atmosphere help also to purify the air. These arc 
oxygen and ozone. The ammonia and organic impurities 
are washed down with thc^ rain as nitriles and nitrates. 

4. Ventilation, i.e, the interchange of pure and impure 
air. Besides the methods already described by which 
ventilation is carried on, there are three other forces 
concerned in ventilation^ viz. diffusion, winds, and differ- 
ences of temperature of masses of air. 

{a) Diffusion. — Gases diffuse inversely as the square 
root of their densities. It has been shown by Petten- 
kofer and Roscoe that diffusion takes place in a room 
which is not air-tight, the air moving in and out in every 
possible direction, either through bricks, chinks and 
crevices of doors and windows, etc. But under ordinary 
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circumstances tlic diffusion, if there be any, is very small, 
and organic substances, which are not gaseous, but mole- 
cular, are not at all influenced by it. Therefore diffusion 
as a ventilating agent is inadequate. 

{!}) lf"inds,~\\hnd is a very powerful ventilating 
agent. Ventilation is carried out partly by what is called 
perflation, and ])artly by aspiration. Certain objections 
may be raised against winds as ventilating agents. They 
are : — 

(i) The air may be very stagnant, and consequently 
ventilation bi'comes most imperfect. 

(ii) The difliculty of regulating the velocity of the 
current, which by blowing very heavily against an exit 
shaft, may impede ventilation by obstructing the outlet 
of air. 

The perflating power of the wind has in some systems 
of ventilation been used as a motive power, especially in 
the ventilation of holds and cabins of ships at sea. The 
wind is conducted below by means of tubes with cowls 
so arranged as to face the wind, the vitiated or used air 
escaping through a different opening. Tlie aspirating 
power of the wind and the* production of a head of air, 
when wind blows over the toj) of a f^ube, can be secured 
by covering air^JihaXts with cowls, which while assisting 
up currents prevent down currents. No cowl, however, 
is effective save that it prevents foreign bodies, birds, 
rain, etc., from entering into the shaft. Some are rota- 
tory, and the disadvantage is that these are active in 
a high wind when they are not needed and are stationary 
and obstructive in a calm when they are wanted. In 
Indian towns where narrow lanes arc abutted by high 
buildings ventilation in the lower rooms becomes neces- 
sarily imperfect. Movement of air in such rooms can be 
best ensured by large metal pipes inserted through the roofs 
with funnel-shaped mouth turned towards the wind. 

(c) Effects of differences of Temperature of Masses of 
Air , — Unequal temperature causes unequal weights in 
masses of air. If the air of a room be heated by fire or by 
products of respiration of men and animals, or be made 
more or less moist, it tends to expand, and rises up or 
6 
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escapes through other openings. The outer colder air 
rushes in through every opening until the temperature 
of both outside and inside air becomes equal. But the 
incoming fresh air in its turn becomes heated and so a 
constant current is maintained. In India when the 
air is very stagnant and the difference of temperature 
between the external and internal air is almost nil, 
ventilation is more imperfect and heat is correspondingly 
increased. This is very common in large buildings like 
town halls, etc., when they become crowded. 

Artificial Methods. — These are sometimes adopted 
to render air fit for respiration, but it must be considered 
as supplementary to ventilation. Certain substances act 
chemically on air : thus charcoal is used to purify the 
air issuing from drains and cesspools, but to be of any use 
the charcoal should be dry. Unslaked lime is used to 
absorp CO 2 in wells, etc. ; copper sulphate removes the 
odour of IlgS ; solution of lead nitrate removes HgS from 
cesspools, and solution of zinc chloride destroys organic 
matter. Solution of permanganate of potash destroys 
organic matter and ammoniacal comjiounds, and absorbs 
H^S. 


Examination of Ventilation of a Room 

The amount of ventilation in a room can be calculated 
by the follomng means : — 

1. Determine the amount of cubic space and floor 
space alloted to each person and the rate of movement 
of air. 

2. Examine the air by chemical, bacteriological, 
and mechanical methods, and by the senses. Estimate 
the amount of suspended matters, organic impurities, etc. 

3. Note the number, size, and position of the inlets 
and outlets, and the amount of air entering and leaving 
the room, and particularly whether the distribution is 
thorough. 

4. A thorough examination of the building and its 
surroundings must be made with a view to the discovery 
of rubbish, foul drains, latrines, etc. 
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Determination of the Amount of Cubic Space. — This 
is done by multiplying the length, breadth, and height 
where the room is regular in shape. Where the rooms 
are irregular in form with angles, projections, etc., certain 
rules for measurement^ of the areas of circles, segments, 
triangles, ete., must be followed. It is seldom necessary 
to make deductions for furniture like chairs, tables, and 
other furniture that occupy only a small space. But 
deductions must be made for the bodies of persons living 
in the room and for solid furniture like cupboards, bedding, 
etc., which occupy a certain amount of space. Recesses 
containing air should also be measured and added to 
the amount of cubic space. The cubic contents of a 
room can be determined by any one of the following 
rules : - 

Circumference of a circle = diameter (D)x 3.1416. 

Area of a circle — X 0.7854. 

Area of an ellipse = product of the two diameters 
X 0.7854. 

Circumference of an ellipse “half the i^m of two 
diameters X 3.1416. 

Area of a square— square of one of the sides. 

Area of a triangle =basc X | height, or height x i base. 

Area of a ])arallelogram— divide into two triangles by 
a diagonal, and take the sum of the areas of the two tri- 
angles. 

Cubic capacity of a solid rectangle or a cubie found by 
multiplying three dimensions together. 

Cubic capacity of a cylinder = area of base X height. 

Cubic capacity of a cone or pyramid = Area of 
base X heiglxt. 

Cubic capacity of a dome = Area of base X f height. 
yCubic capacity of a sphere =D^ X 0.5236. 

The number of cubic feet of space per head is deter- 
mined by dividing the total number of cubic feet (after 
necessary additions and deductions) by the number of 
persons occupying the room. The floor space per head 
is determined by dividing the total area of the floor by 
the number of persons. 
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The rate of movement of the air in a room is determined 
by first ascertainiiijL^ the direction of the air. It is 
necessary at the outset to enumerate the various openings 
of the room acting as inlets and outlets, which will furnish 
a key in determining the direction of the movement of 
the air. Inlets are distinguished from outlets by noting 
the direction of the smoke disengaged from smouldering 
brown paper or cotton velvet when held close to the 
openings. 


Heating ano Cooling 

We have now to consider the problems pertaining to 
the heating and cooling of houses. This subject is inti- 
mately related to ventilation as difference of temperature 
is one of its causes. Heating of dwelling houses in 
India is restricted to certain hill stations, and even then* 
only in winter. The opposite process of cooling the houses 
and atmosphere is more a necessity in India than that of 
heating. The rneatis of producing heat are many, while 
the methods of keeping the rooms and air cool are not 
only very limited but unsatisfactory in the extreme. 
A short description, however, of both these methods is 
given below : 

1. Distribution of Heat. — For the purpose s of heating 
houses and of ventilation heat is commonly produced by 
the combustion of fuel, and is distributed by : - 

1. Conduction. 

2. Radiation. 

3. Convection. 

1. Conduction. — Solids are good conductors of heat, 
while liquids and gases arc bad ones. Good conductors 
give off heat rapidly to the surrounding air and to other 
articles in contact with them. This process is very slow 
as air is a bad conductor of heat. 

2. Radiation. — By this is meant the giving off of heat 
from hot bodies, such as open fireplaces to colder ones 
through the air. During radiation heat is transmitted in 
straight lines on all sides with equal intensity. The 
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intensity of the radiant heat is in inverse ratio as the 
square of the distance. Thus if the heat at 1 ft. distance 
from a lire be one, then at 4 ft. it will be sixteen times 
less. 

3. Convection. By this process heat is transmitted 
through gases and liquids. Convection depends upon a 
peculiar tendency of these bodies to expand with heat 
and thus become lighter and rise upwards, their place 
being taken up by colder and heavier portions, which in 
their turn become warm, expand and ascend, thus setting 
up a process oT circulation of hot air in every part oT the 
room. 

The common methods of heating dwellings are : — 

(a) Open fireplaces and grates. 

(b) Closed fires or stoves. 

(c) Pipes charged witli hot air, hot water, or steam. 

(a) Open Fireplaces, — This method is most extensively 
used in England and in the liill stations in India on 
account of the cheerfulness of the room and efficient 
ventilation which it ensures. 

(b) Closed Fires or Stoves. — In this method heat is 
obtained by burning fuel in a grate enclosed by a good 
conducting or absorbing material on all sides except 
below the bars. The air coming in contact with this 
heated surface becomes warmed and thereby heat is 
disseminated. These stoves are usually made of cast 
iron, bricks or tiles. Coal, coke, paraffin, etc., are burnt 
in these stoves. 

' The objections to the above method are : — 

(i) The coal makes the air hot and dry. 

(ii) A peculiar cljose smell, due to the decomposition of 
organic matter, is present. 

(iii) Products of combusion, e.g. carbon monoxide, 
escape through the stove. 

But all these objections can be effectively met with by 
using a ventilating or a properly constructed gas stove 
with a suitable flue. 

Gas Stoves.— Those are good for cooking and in cases 
where heat is required quickly and for a short time only. 
Gas stoves should always have a flue, otherwise the 
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products of combusion left in the room’ might affect the 
health of the occupants. 

(c) Heating hy hot air, hot water, and steam are also 
resorted to, but arc not ordinarily adopted in India. 

II. Artificial Cooling of Air.— This is most important 
in India, and excepting the different hill stations cooling 
of the atmosphere and of the rooms is specially called for 
during the summer months. This is generally done by 
preventing direct radiation of the sun from entering the 
room, and by keeping the doors and windows closed during 
the day time. By this method the air inside the house 
is rendered much cooler than the air outside, and a circula- 
tion is thereby established. The outside air can be made 
cooler by passing it by means of Thermantidotes or fan- 



PlG. 8. — ^Artificial Cooling of Room. 

wheels through wet khus-khus mats or tatties which will 
have the additional effect of acting as filters by removing 
all suspended impurities of air. These are hung over 
doors and windows, and frequently wetted by sprinkling 
water on them. The evaporation of this water effectively 
cools the air of the room. Fans and punkahs though 
used as propellers also help to keep the room cool. By 
condensation and rarefaction of air certain changes in 
the temperature may be produced. By suitable arrange- 
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ments of expansion cylinders, it is possible to have a 
supply of cold air, the temperature of which is much 
below that of the surrounding bodies. This method of 
cooling is utilised in refrigerating chambers in ships 
carrying meat. Experiments made at the Calcutta 
School of Tropical Medicine in buliding what is known 
as the temperate room seem to hold great possibilities 
in the temperature of the hot months. This room is 
kept at a temperature of 70^ to 75° E. and is provided 
with inlets for cold and outlets for warm air. The cold 
air passes through a pipe connecting the room with an 
adjoining room, the fan room, and the warm air goes out 
by another pipe which is discharged near the fan and 
passes over the coils into the cold air inlets leaving mois- 
ture behind (See Fig. 8). The fan has a wire protected 
operation for the supply of fresh air from outside free 
from dust. This also passes over the coils before reach- 
ing the cold air pipe. Next to the fan room is the 
ammonia machine room worked by a low speed motor. 
There is thus a constant circulation of air. Heated air 
is being continually drawn off and returned again in the 
form of cool fresh air. There is no risk of chills, and 
by the provision of line netting over the inlets and 
outlets germs and mosquitoes are also eliminated. 
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OCCUPATIONAL DISEASES AND OFFENSIVE TRADES 

Within recent years i n dust ri al b yfd e n t > has assumed a 
most important jiosition in prcv ejittv(> me dicine owing to 
the enormous progress made with regard to different 
industries. This deals with the health, the welfare, and 
the human rights of the vmst majority of the population. 
New problems have been introduced largely through the 
development of new industries and the invention of newer 
processes. Thus, we have tlu* mining industries where 
the miner is compelled to Avork underground, and there- 
fore the mortality from accidents and diseas(‘s of th(‘ 
lungs is high. Coalminers jdithisis and anthraeosis are 
well known diseases. The jute and cotton mills, where the 
w’orkers are exposed to dusty occu])ation for several hours, 
and thus become early victims to different diseased condi- 
tions. ^Liability to plumbism in the manufacture of wdiite 
lead ; necrosis of the jaw in the manufaidure of matches ; 
and the risk of life and limb in those working in mills, 
raihvays, mines, etc. The dangers of inhaling irritating 
fumes from different suspended impurities, gases and 
effluvia ( 5 ^ 6 ' p. 6.‘3-04) ; and finally the risk of infection from 
anthrax and hookworm disease. These an* all typical 
occupational dis(*ases. Apart from all these there are 
other conditions, though not directly related to indus- 
tries, which seriously affect the liealth of the workers. 
These arise from poor ventilation, lack of cleanliness, 
overcrowding, faulty lighting arrangements, etc. 

In order therefore to improve the sanitaiy condition 
of the people working in different industries certain 
rules have to be followed for the welfare of the workmen. 
The following require careful consideration ; — 

1. Hours of Work ,— require careful considera- 
tion, and should be regulated according to the nature of 
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work, the physical exertion required, and also upon the 
nervous tension. Special consideration should Be shown 
to women and children. Prcj^nant women should not work 
for several wicks belbrc and after conlinement. On 
account of a^(‘, boys under eighteen years should not be 
taken in works involvin<;f danger to health from irritating 
dust or poisonous fumes. 

2. Periodical Inspection. 'I'his is necessary for the 
protection of the workmen. Durinu these inspections the 
conditions under which the work is carried on, and the 
workmen live outside the working hours, require very 
careful supervision. Ventilation, dust, cleanliness, ^ascs, 
vapours, heat, dampness, li^ht, overcrowdimjj, drinking 
water, washing facilities, latrines, sanitary arrangements, 
liours of work and ri'st, etc., all reipiire to be investigated. 

8. Accidents . — These are common in those working 
in radways, mines and in factories, and witli ])roper 
care it is ])ossible to r(‘duce these to a minimum. Certain 
special injuries or diseases are common to workmen. 
For instance, spinal curvature due to faulty posture, 
varicose veins from long standing, injuries to the eye 
from fraonients of stone or metals, impairment of vision 
from faulty lighting, or eye strain, ( tc. 

In the year 1911 an Act was passed known as the 
Indian Factories Act (Act XII of 1911) to improve 
the hygiiMiic conditions under which the people work, 
and also to take* measures to prevent diseases incidcmtal 
to particular occupation. Hy this act the local Govern- 
ments have jiower to appoint inspectors with certain 
powers, to regulate hours of work, and adoiA sanitary 
measures with regard to ventilation, lighting, water- 
supply, latrine and urinal accommodation, provision for 
means of escape in case of fire, precautions against fire 
and accidents, and general cleanliness as will be conducive 
to the health and welfare of the factory hands. 

O CO 1 j PATiox A T. Disk a sk s 

Lead. — I^ead is a cumi1|ulative poison and being an 
iiUportant article of commerce it is a most common and 
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insidious of all occupational diseases. The poison gains 
entrance into the system by (a) swallowing minute parti- 
cles of lead ; (b) inhaling dust and fumes of lead when in 
a molten state; and (c) absorption from the skin in hand- 
ling lead. Chronic poisoning originates from the slow 
absorption and retention of minute (juantities of the 
metal. Workers in lead factories and those who cons- 
tantly handle lead are very prone to poison iiig as they 
generally contaminate their food by their unwashed hands. 
The preventive measures should consist of cleanliness of 
the hands and finger nails, frequent bathing and the use 
separate clothing while at work, and to thoroughly wash 
the hands and rinse the mouth before eating. Avoid 
taking any food in the workroom or where there is sus- 
picion of lead in the air. Good nutritious food with plenty 
of milk and avoidance of all excesses, specially alcohol. 
The workshop should always be kept clean, well- venti- 
lated, and free from dust. Arrangements should be made 
for rapid and complete collection of all fumes and dust 
which should be conducted to condensing chambers. 

Mercury. — Persons engaged in the pre])aration of 
vermilion, barometers, thermometers, and workers in 
factories where mercurial salts are either prepared or 
handled, expose themselves to the poisonous effects of 
the metal. 

The sanitary precautions to be observed are similar 
to those mentioned in the case of lead. Workmen should 
be provided with overcoats. Special attention should be 
paid to the proper care of the mouth and teeth and all 
cario us teeth should either be removed or filled. Metallic 
mercury vaporises even at the ordinary temperature and 
may produce poisonous effects ; it should therefore be 
kept covered to lessen the emanations as far as possible. 
The floors should be so constructed as to render the 
collection of all spilt mercur}^ easy. 

Phosphorus. — It is used chiefly in the manufacture 
of matches, and poisoning occurs only in those who 
expose themselves to its fumes. They suffer from nej uxx*^ 
sis of the jaw, or from a characteristic cachectic condi- 
tion with anaemia., dyspepsia, albuminuria and bronchi- 
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tis. Fragilitus ossium is also found in those working in 
phosphorus. 

Precautions , — As far as possible the use of yellow phos- 
phorus, which is more poisonous, should be discouraged 
and substituted by scsquisulphide of phosphorus which 
is harmless. The safety match contains no phosphorus 
and is harmless. “ The strike any where ” match may be 
made with non-poisonous scsquisulphide of phosphorus 
instead of the poisonous white phosphorus. The fumes of 
white and yellow phosphorus are rich in oxides and 
are absorbed. 

Special care should be taken for the teeth, and those 
with carious teeth are particularly susceptible to its 
action. Rigid p erso nal cleanliness should be observed 
and washing out of the mouth with alkaline solutions 
encouraged. The work should be carried out in large, 
well -ventilated rooms, and if possible in the open air. 
The inhalation of turpentine with a view to oxidise 
phosphorus is aho reeomn. ended. 

%, Arsenic. — Poisoning occurs amongst those who 
either handle arsenical pigments, inhale arsenical dust 
from wall -papers, or are engaged in the making or manu- 
facture of articles coloured with arsenical dyes, 
artificial flowers, or those who prepare skins of animals 
for fituTfing* The vv'orkers suffer from painful redness of 
the eyes, irritation of the skin, eczema, neuritis, vomiting, 
headache, etc. 

The sanitary precautions necessary are similar to those 
described under lead poisoning. 


Offensive Trades 

Certain trades require to be supervised by sanitary 
officials, partly on account of their being a source of 
nuisance because the smell or effluvia which they give 
off might act injuriously on the health of the people, and 
partly also on account of the materials or processes em- 
ployed having an influence prejudicial either to the health 
of the workmen or the surrounding populations. 
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According to the Bengal Municipal Act III of 1884 
the following offensive trades arc not to be established 
without a license. 

(a) melting tallow ; 

{h) boiling gffa) or blood ; 

(c) skinning or disembowelling animals ; 

(d) as a soap house, oil boiling house, dyeing house ; 

{e) as a tannery, slaughter-house ; 

(/) or kiln for making bricks, pottery, tiles or lime ; 

(g) as a manufactury or place of business from which 
offensive or unwholesome smells may arise ; 

{h) as a yard or depot for trade in hay, straw, wood, 
thatcliing grass, jute or other dangerously inllammable 
material ; 

(i) as a store-house for kerosene, petroleum, naphtha, 
or any inllammable oil or spirit ; 

(j) as a shop for the sale of meat ; 

(k) as a place for storage of rags or bones, or both ; or 

(/) as a lodging house or a serai. 

The elTluvia arising from tallow melting, offal boiling, 
soap boiling, bone crushing, shell burning, and lac dye 
making arc^ offensive, and according to Ballard give rise 
to h(‘adach<*, nausea and diarrhaa. Unless proper 
precautions are taken and arrangements made for the 
disposal of liipiid refuse, offensive trades such as tannerie s, 
bone-boiling, (‘tc., sliould not be located near any river or 
other sources of water-supply. 

1 . Keeping of Animals. -In rural districts the keeping 
of animals is not likely to cause much nuisance ; it is only 
when they are kept in crowded, ill-ventilated, and badly 
drained localities in towns, that the emanations become 
a source of nuisance. Pigs, horses, cows, etc., often 
create a nuisance chiefly from the storing of grains and 
other foodstuffs in a wet state and the accumulation of 
dung and soakage of urine, etc., into the ground owing to 
imperfect or defective flooring. Cowsheds, stables, etc., 
should therefore' be properly constructed (which see). 
The discharges should be received into covered vessels and 
the sheds should be washed and cleaned daily. 



OFFENSIVE TRADES 


93 


Pigsties also create a serious nuisance from the smell 
of the sour and decomposed rice on which the j)i^s are 
usually fed. The food should be stored in impervious 
vessels with proper covers. The sties are as a rule kept 
in a very filthy condition. 

The keeping of poultry is also a source of nuisance and 
should be discouraged in small houses and cellars. 

2. Slaughtering of Animals. — ^Slaughter houses may be 
either private or public. Private slaughter houses, as 
conducted in this country should be discouraged, as they 
not only facilitate the slaughtering of diseased animals, 
but are generally a source of very serious nuisance es- 
pecially when not managed under proper su]iervision. 
Nuisances arise from the dirty way in which the animals 
are usually kept. The storage of deeom])osed carcases 
and garbage also add to filthiness. 

Slaughter Houses. Filthy slaughter houses are always 
a menace to public health owing to the large collection 
of offal undergoing ]nitr<,*faction, and the continual flow 
of blood, urine and fjceal matter. It is essential for 
proper sanitary control that all slaughtering should be 
don(‘ in a publie slaughter house or “ abattoir.” These 
should be built with brick and concrete and well protected 
against rats. In the construction of a slaughter house 
the following points should be noted : — 

1. It should not be within a hundred feet of any 
dwelling-house, and should be open to the air at least 
on two sides. 

2. It should always be above the ground level. 

3. There should be no room or loft over the slaughter 
house. 

4. There should be an abundant su])ply of water, and 
the cistern for storing water should be placed a few feet 
above the floor. 

5. The floor should be made of some impermeable 
material with a proper slope and a channel to a gully, 
provided with a trap, to prevent emanantion of offensive 
gases from entering the slaughter house. 

6. The walls in the interior should be covered with 
hard, smooth and impervious material to a man’s height. 
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The comers should be rounded off, and the slightest 
openings on the floor repaired without delay. 

7. There should be no direct connection between a 
water closet or privy within the slaughter house. 

8. Doors and windows should be self-closing and have 
wire netting to prevent flies and other insects from 
entering. 

9. Dogs should not be allowed around th(‘ slaughter 
house on account of the danger of trichinosis and other 
parasites. 

10. The employees must be cleanly and wear clean 
miter clothes. 

11. Persons suffering from any communicable disease, 
like tuberculosis, should not be allowed to handle any 
meat or meat products. 

12. Butchers who handle diseased carcases should 
wash their hands in some disinfectant solution, and all 
instruments used must be sterilised. 

All refuse, blood, manure, and garbage are to be placed 
in vessels of non-absorbent materials with close-fitting 
covers immediately after slaughtering to prevent vultures 
and other birds from scattering them about. All skins, 
fat, etc., are to be removed from the slaughter house 
as soon as possible. 

8. Blood-boiling or blood-drying. — Blood collected 
from slaughter houses is utilised for {a) making blood 
albumin, (/!?) manufacturing turkey red pigment, (c) pre- 
paring blood manure, and (r/) refining sugar. 

Sanitary 'precautions , — The floor, vessels, etc., should 
be kept scrupulously clean, and blood, when not in use, 
should be properly stored to prevent the escape of offensive 
gases. There should be proper arrangements for drianage 
and for the condensation of escaping gases, which are 
usually offensive. 

4. Bone-boiling. — ^Thisis rather common in this country 
owing to increased demand for phosphatic manures in 
tea gardens. The accumulation of bones in a raw state 
soon becomes offensive, especially during the summer 
and rains. The storage of raw bones should not be per- 
mitted in or near dwellings, as the odours given off are 
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very disagreeable. Bone-boilmg, when the bones are 
perfectly Iresh, is no more offensive than cooking on a 
large scale, lint if the bones are tainted and decomposed 
they give rise to a very serious nuisance. Putrid bones, 
hoofs and horns, if left in the open, become extremely 
offensive and breed dies and cause sickness. 

Sanitary precautions , — The premises should be cleansed 
daily and all refuse collected and renioved. All receptacles 
should be kept clean, and materials not for immediate use 
should be stored in such a way as will prevent effluvia. 
Keep the walls and floors in good order and lime wash 
twice a year. Storing of bones should be in suitable sheds 
and the use of steam jacketed cylinders for conden- 
sing vapours enforced. 

5. Gut-scraping. — This is generally done for the 
purpose of making sausage skin, catgut, etc. The small 
intestines of swine and sheep are first washed and cleaned 
and softened by soaking in salt solution for a few days, 
and then scraped on a bencdi with a piece of wedge-shaped 
wood until a little of the muscular coat and the peri- 
toneal covering only are left. These are finally washed 
and dried. 

Nuisance is prevented by (a) making the floors and 
walls of non-absorbent materials ; (h) proper drainage 
arrangements ; (c) providing marble-topped tables ; (d) 
prompt removal of waste materials ; (6") careful washing 
and cleaning of the premises ; and (/) preventing impro- 
per and prolonged storage. 

6. Fat and Tallow Melting (soap-boiling). — Fat is 
usually obtained from butchers or marine store dealers 
in a more or less decomposed condition. It is utilised in 
the manufacture of candles, soaps, leather-dressings, and 
preparations for lubricating machinery. The fat ‘‘ is 
melted either in pans (a) heated by an open fire, or 
(b) in pans which are steam-jacketed, or (c) by free steam 
and sulphuric acid.” Tallow is beef or mutton fat, or a 
mixture of both prepared and melted by one or other of 
the above means. 

^ Nuisance may arise from (a) improper conveyance or 
storage of meterial, (b) storage of residue, (c) general 
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lilthiness and unsuitability of the premises, and (d) vapours, 
escaping during the process of melting or boiling the fat. 

7. Fellmongering and Leather-dressing. A fell- 
monger prepares either fresh or old skins for the leather 
dresser and a leather dresser or tanner converts the skins 
into various kinds of leather. The fresh skins are lirst 
beaten to get rid of the dirt, and then soaked in water 
and washed. The hair is removed by the addition of 
lime. The old or foreign skins are first softened by soak- 
ing in water until decomposition sets in, when the hair 
or wool becomes loose and is removed. This is known as 
the “ tanning process.” The skins devoid of hair are 
known as '' pelt s” which are thrown into a pit containing 
milk of lime. They are then taken to thc^ leather dresser 
or tanner. By the process of " tanning ” the piitrescibl(‘ 
hides cire converted into non-piitreseible and more or less 
flexible materials commonly known as “ leather.” The 
leather is rendered soft and waterproof by treating with 
fatty and other materials. Tanneries, wheli eondueted on 
European modeds, arc' not, as a rule, ]woduetive of much 
nuisance. Still on account of the offensive odours they 
give out they should b(‘ located on the outskirts of the 
town. Small tannc'ries are usually ])roduetive of great 
nuisance, which is heightened by the wash water, largely 
impregnated with decomposing animal matter, being 
alloAved to run into open surface^ drains or into waste lands 
and hollows. 

Hence nuisances arise from (a) filthiness or unsuita- 
ability of the building, (/>) im])roper conveyance or storage 
of skins, and (c) unsatisfactory method of dis]iiosal of 
the dirt, flesh, and ^^te water. All offensive materials 
should therefore be conveyed in non -absorbent covered 
receptacles and kept in special, closed rooms ventilated 
by means of air-shafts. General precautions are the same 
as before indicated for other trades. 

8. Paper-making. - Paper is prejiared from such sub- 
stances as cotton or linen, rags, waste paper, straw, bam- 
boo, esparto grass, etc. The rags are first dusted and then 
cut into^sMall pieces, washed and bleached. Esparto 
grass is reduced to pulp by first boiling with caustic alkali. 
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Nuisance is caused chiefly by the esparto lic^uid, which 
should not be allowed to run into any stream or ditch near 
habitations. The collection and storage of the materials 
is also a source of danger to the public health. The 
vapours given off during the process of boiling esparto 
grass with caustic alkali are also offensive and should 
be conducted by a flue to a tall chimney. 

THE INDIAN FACTORIES ACT, 1911 (ACT XII OF 1911) 

As Modified up to the 1st July, 1922 
Seo. 3 — (3) “ factory ** means — 

(a) any promises wherein, or within the precincts of which, on any 
one (lay in tho year not less than twenty persons arc simiiltaneonsly 
employed and steam, water or other mechanical power or electrical 
power is used in aid of any process for, or incidental to, making-, 
altering, repairing, ornamenting, finisliing or otherwise adapting 
for use, for transport, or for sale any article or part of an article ; 
or (&) any prerai^^os wherein, or within the precincts of which, on any 
one day in the year not less than ten persons are simiiltaneonsly 
employed and any such process is carried on, whether any such 
power is used in aid thereof or not \\ liicdi have been declared 
by the Local Government, by notification in the local official 
Gazette, to be a factory. 

Inspectoks and Certifying Surgeons 

4. (1) The Local Government may, by notification in tho local official 
Gazette, appoint such persons as it thinks fit to he inspectors of factories 
within such local limits as it may assign to them respectively. 

(2) No person shall ho appointed to be an inspector under sub-section 
(1), or having been so appointed, shall continue to hold tho ofiice of 
inspector, who is or becomes directly or indirectly interested in a factory 
or in any process or business carried on therein or in any patent or machi- 
nery connected therewith. 

(3) Tho District Magistrate shall be an inspector under this Act. 

(4) The Local Government may also, by notification as aforesaid, 
and subject to the control of the Governor General in Council, appoint such 
public officers as it thinks fit to be additional inspectors. 

5 Subject to any rules in this behalf, an inspector may, within tho 
local limits for which he is appointed, — 

(а) enter, with such assistants (if any) as he thinks fit, any place which 
is, or which he has reason to believe to be, used as a factory ; 

(б) make such examination of the premises and machinery and of any 
prescribed registers, and take on the spot or otherwise such evi- 
dence of any persons as he may deem necessary for carrying 
out tho purposes of this Act ; and 

(c) exercise such other powers as may be necessary for carrying out 
the purposes of this Act. 

r 
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6. The Local Government may appoint such qualified medical practi- 
tioners as it thinks fit to bo certifyine: surgeons for the purposes of this 

Act. 

7. (1) A certifying surgeon shall, at the request of any person desirous 
of being employed in a factory or of the parent or guardian of such person, 
or of tile manager of the factory In wliich such person desires to be em- 
ployed, CKanime such person and grant him a certificate in the prescribed 
form, stating his age, as nearly as it can bo ascertained from such exa- 
mination, and uhether he is fit for employment in a factory. 

(2) A C(*rtifying surgeon may revoke any certificate granted to a 
child under sub-section (1) if, in Ids opinion, the child is no longer fit for 
employment in a factory. 

Health and Safety 

9. The following provisions shall apply to every factory : — 

(a) it shall be kept clean, and free from etfluvia arising from any drain, 
privy or other nuisance ; 

(5) it shall not be so overcrowded while work is carried on therein 
as to 1)0 dangerous or injurious to tlie health of the persons em- 
ployed therein : 

(c) It sliall be ventilated in such a manner as to render harmless, as far 

as practical* le, any ga‘«e8, vapours, dust or other impurities 
generated In the course of tho work carried on therein that may bo 
injurious to health ; 

(d) the atmosphere shall not be rendered so humid by artificial means 
as to be injurious to tlio health of the persons employed tlierein, 

11. (1) Every factory shall he sufliciontly lighted. 

(2) In the case of an> factory which is not in the opinion of the Inspector 
60 lighted, the inspector may servo on tho nmnuger of tho factory an order 
in writing, specifying the measures which he considers necessuiy for the 
attainment of a sufficient standard of lighting, and requiring him to carry 
them out before a specified dat(‘. 

12. (1) In any factory in which humidity of the atmosphere is produced 
by artificial means, the water used for tlic purpose of producing liumidity 
shall be taken either from a public supply of drinking water or from some 
other source of water ordinarily used for drinking, or shall he efi’ectively 
purified before being used for tho purpose of producing humidity. 

Every factory shall ho provided with sufficient and suitable latrine 
accommodation, and if the Local Government so requires, with separate 
iirinal accommodation for the persons cmplojed in the factory. 

14. In every factory there shall be maintained a sufficient and suitable 
supply of water fit for drinking. 

16. (1) Every factory shall bo provided with such means of escape in 
case of fire for tlie persons employed therein as can reasonably bo required 
in the circumstances of each case. 

17. No person shall smoke, or use a naked light or cause or permit any 
such light to bo used, in the immediate vicinity of any inflammable material 
in any factory. 

19. No woman or child shall be allowed to clean any part of the mill- 
gearing or machinery of a factory while the same is in motion by the action 
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of steam, water or other mechanical power or electrical power, as tho case 
may bo, or to work between tho fixed and traversing parts of any self* 
acting machine while such machine is in motion by the action of any power 
above described. 

lliA. Where, in tho opinion of the inspector, tho presence in any 
factory or any part thereof of children, who, by reason of their age, can- 
not, under tiic provisions of this Act, be lawfully employed therein, involves 
danger to, or injury to the health of, such children he may serve on the 
manager of such factory an order in writing, prohibiting the admission of 
such cluldron to tho factory or part thereof. 

11)11 No person under the ago of eighteen years and no woman shall 
bo employed in any factory in any of the operations specified in Part I of 
tho Schedule, or, save in accordance with the regulations contained in 
Part II of tho Schedule, iu any operation involving the use of lead com- 
pounds, 

20. No woman or child sliall he employed in the part of a factory for 
pressing cotton in which a cotton-opener is at work. 

Hours of Employment and Holidays 

21 (1) In every factory there shall bo fixed, — 

(a) for each person employed on each working day — 

(i) at intervals not exceeding six hours, periods of rest of not less 

than one hour, or 

(ii) at the request of tho emplovoes concerned, periods of rest of 
not less than half an hour each so arranged that, for each period 
of six hours work done, there shall bo period of rest of not less 
than one hour’s duration in all, and that no person shall work 
for more than five hours coptinp..ously, and 

(&) for each child worETing more than five and a half hours in any day 
a period of rest of not less than half an hour. 

22. (1) No person shall be employed in anv factory on a Sunday, 
unless — 

(a) ho has had, or will have, a holiday for a whole day on one of the 
three days immediately preceding or succeeding the Sunday. 

21. With respect to tho employment of children in factories the follow- 
ing provisions sliall apply * — 

(а) no child shall ho crnploved in any factory unless he is in possession 
of a certificate granted under section 7 or section 8 showing that 
ho la not less than twelve years of ago and la fit for employment 
in a factory and while at work carries either tho certificate Itself 
or a token giving n'fcrenco to such certificate : 

(б) no child shall be employed in any factory before half-past five o'clock 

In the morning or after seven o’clock in tho evening : 

(c) no child shall be employed In any factory for more than six hours 
in any one day. 

24 With respect to the employment of women in factories the follow- 
ing provisions shall apply • — 

(a) no woman shall be employed in any factory before half -past five- 
o’clock in the morning or after seven o’clock in the evening ; 
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(b) no woman shall be employed in any factory for more than eleven 
hours in any one day. 

27, No person shall be employed in a factory for more than sixty 
hours in any one week and for more than eleven hours in any one day. 

Municipal REOULATioNa of Factories, Trades, etc. 

Seo. 463. (1) No person shall, without the previous written permission 
of the Chairman, newly establish in any premises any factory, workshop, 
or workplace in which it is intended to employ steam, water or other 
mechanical power. 

The Chairman may refuse to give such permission, if ho is of opinion 
that the establishment of such factory, workshop or workplace in the 
proposed position would be objectionable by reason of the density of the 
population in the neighbourhood thereof, or would be a nuisance to the 
Inhabitants of the neighbourhood. 

Trades not to be Carried on Without a License 

Seo. 466. — No person shall use or permit to be used any premises for 
any of the purposes herein below referred to or mentioned, without or 
otherwise than in conformity with the terms of a license granted by the 
Chairman in this behalf, for the following purposes : (a) Casting metals, 
manufacturing bricks, pottery or tiles ; (b) as a knacker’s yard, hide 

godowm or hide -screw-house ; (c) manufacturing or place of business from 
which offensive or unwu dofeome smells, fumes or dust arise ; (d) as a depot 
for hay, straw, wood, coal, or rags ; (e) packing, storing, pressing, cleansing, 
preparing, or manufacturing clothes in indigo or otlier colours, paper, pot- 
tery, silk ; (/) storing, packing, pressing, cleansing or manufacturing any of 
the following : — blood, bones, candles, catgut, chemical preparations, China 
grass, cocoanut fibre, cotton or cotton refuse or seed, daminer, dyna- 
firttb7 fat, fins, fish, fireworks, flax, flour, gas, gunj^cottonT^npowder, 
horns, hoofs, hides, hemp, hair, iron, jjite, leather, lime, manure, matches, 
meat, nitro -glycerin, offal, oil, oil-cloth, pitch, rags, rosin, salt petre, 
skins, soap, spirits, sulphur, soorkic, tallow, tar, turpentine, wool. 

Seo. 472. — •<!) No person engaged in any trade or mannfactnre specified 
above shall (a) wilfully cause or suffer to flow or be brought into any tank, 
reservoir, cistern, well, duct or other place for water belonging to the 
corporation or into any drain or pipe communicating therewith, any 
washing or other substance produced in the course of such trade or manu- 
facture ; or (h) wilfully do any act connected with any such trade or manu- 
facture whereby the water in any such tank, reservoir, cistern, well, 
duot or other place for water is fouled or corrupted. 

Kkepinu of animals and Disposal of Carcase 

Soo. 453. — No person shall — 

(a) Without the written permission of the Chairman or otherwise than 
In conformity with the terms of such permission, keep any swine in any 
part of Calcutta ; (6) Keep any animal on his premises so as to be a nuis- 
ance or dangerous ; or (c) feed any animal or suffer or permit any animal 
to be fed with or upon sowago or offensive matter. 
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SOIL 

All soil may be considered as the result of the disintegra- 
tion of rocks mingled with decayed vegetable and animal 
matter. It is usually divided into : — 

(a) Upper or surface soil, which is chiefly the outcome 
of decayed animal or vegetable matter forming mould or 
‘‘ humus.” The depth of this layer varies from a few 
inches to several feet. 

{b) Subsoil, which results from the disintegration of 
the underlying primitive rock through the agencies of 
gases, water, etc. The depth of these layers also varies 
from a few feet to hundreds of feet. 

Soil Features influencing Climate and Health 

Certain features of the soil influence the sanitary 
conditions of the inhabitants through the climate, the 
air, and the water. They are : — 

A. Conformation of the ground and its relation to 
the neighbourhood as regards position and elevation. 
This depends on : — 

1. The relative extent of hills and plains. 

2. The height of the hills. 

The direction of the main chains of the hills. 

4. The angle of the mnin slopes of the hills. 

5. The nature, si/e, and depth of the valleys. 

6. The chief watersheds, and the direction and dis- 
charge of the water course, and 

7. The amount of plain or flat land available. 

Unhealthy spots among hills are closed valleys, and 

places, where there is stagnation of air, e.g. ravines. In 
the tropics ravines and nullas arc usually unhealthy, as 
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they very often contain decayed vegetation, and a current 
of air may disseminate mosiiuitocs from such marsliy 
places. A saddle bade is usually a healthy site, and so arc 
positions near the top of a slope. Places at the foot of the 
hills, especially in the tropics, arc usually unhealthy^ 
as they are damp and rich in organic matter on account 
of the accumulation of rain water and of the excessive 
growth of vegetable and animal life. Depressed or 
water-logged places are always damp. 

B. Soil Air. — -All the varieties of soil even the hardest 
rocks eoitain air in their interstices. Soil air differs from 
the atrnasphenc air. It is usually moist, and contains 
less oxygen which has been rei)laccd by carbon dioxide 
resulting from decomposition of organic matter. The 
character of the ground air varies greatly depending 
mainly upon the character of the soil, the elimate, the 
season and tl\e rainlall. The amount of COg in the 
ground air of a particular area will depend on 

(a) quantity of organic matter, 

(b) permeability, 

(e) depth, and 

(d) temperature and moisture. 

if the ground air of two soils be examined, similar as 
regards organic impurities, temperature, and moisture, 
but of different permeability, the less permeable one will 
contain more COg. The amount of COg also increases 
with the depth. This is due not to increased chemical 
action, nor to the presence of more impurities, but to the 
air not getting an easy vent as in the more superficial 
layers. Lewis and Cunningham, who investigated the 
ground air of the soil of Calcutta, found the amount of 
CO 2 at 3 ft. as follows 

January February March April May June 

6.2 5.G 5.6 4.7 4.1 5.6 

July August September October November December 
4.0 10.2 11. rt 9.7 8.<S 7.0 

The results arc stated in cubic centimeters per litre. 

The sudden rise in August is coincident with high 
rainfall, and the fall in spring according to Lewis and 
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Cunningham is due not to diminished production but to 
increased loss of COg in the atmosphere. 

A continual interchange between ihe soil air and the 
atmospheric air is going on which keeps the soil air 
moving. This interchange is influenced by ’ 

{a) difference in the temperature of the air and soil, 

(b) the ground temperature, 

(c) rainfall, 

(d) barometric pressure, and 

(e) movements of the ground water. 

Soil air may occasionally be contaminated with 
poisonous gases derived from defective drains, cesspools, 
or made s oil, and may be aspirated into a house. This is 
of great practical importance from a sanitary point of 
view, and can be prevented by making the floors imper- 
vious by cementing or asphalting, or building the floor on 
arches. Instances are on record where coal-gas from leaky 
pipes has been known to And its way into distant houses 
following th() track of water or drain pipes and thereby 
producing poisoning or explosion. 

C. Ground Water. — The water present in the soil 
is divided into 7noistme and subsoil or groti7id ivater. 
When there is air as well as moisture the soil is merely 
moist and damp, but when all the ititcrstiees are complete- 
ly filled with water, to the exclusion of air, there is a conti- 
nuous sheet of water. The presence of moisture in the 
soil is the cause of decomposition of animal or vegetable 
matter which may exist in the ground. Damp soil is 
as a rule unhealthy. It may be produced by irrigation 
or by obstruction to drainage. The moisture of the soil 
is derived from : — 

{a) rain, 

{b) the rise and fall of the ground water, and 

(c) evaporation of subsoil water. 

The absorbability of moisture varies with the soil, 
open gravel absorbs least (about 10 per eent.) while 
sandy or peaty soils absorb most (00 to 80 per cent.). 
Some soils, e.g. hard limestone or dense cDy, arc practi- 
cally impermeable to w'ater, while others such as chalk, 
sand, and vegetable clay are permeable. 
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The Ground or Subsoil Water, — The depth of the sub- 
terranean water in any soil varies, sometimes it is 2 to 
3 ft. from the surface, and in other cases as many hundreds. 
Probably the depth to which the water descends varies 
indefinitely according to the nature of the soil. The 
water which sinks into the soil is not permanently removed 
from the surface, but accumulates underneath till by 
the pressure of the descending column it is forced towards 
its natural outlets, in springs, rivers, etc. 

Tlie level of the ground water is constantly changing 
and the height of water in a veil may be taken as an 
indication of the height of the subsoil water. It is liable 
to rise or fall according as the seasons are wet or dry. 
In some places it lies just near and in others far below 
the surface. When it is near the surface the ground 
above is always damp. 

The ground water is constantly moving, flowing 
towards the nearest watercourse, a river or a sea. The 
rate of the movement varies, and is inlluenccd by the 
case or difTiculty of the flow, relative density of the 
soil, and ])resence or absence of vegetation. The flow of 
water is also severely hampi'red by the interference of 
trees, roots, and smaller plants. In India the chang(*s in 
the level of the subsoil water are very great. At Jubbul- 
pur it is from 2 ft. to 12 or 15 ft. fronr the surface, at 
Calcutta from 5 to 15 ft., in Benigal it is geaierally from 2 
or 3 ft. to 10 or 12 ft. from the surface. To rend(‘r the 
soil drier it is necessary either to drain the soil by laying 
porous drains 10 to 12 ft. ajiart at a depth of 8 to 12 ft., 
or to open the natural ojyiilow. 

D. Temperature of the Soil.- 'I'liis varies very much 
with its geological formation and the temperature of the 
air. The daily fluctuations in th(‘ temperatim* of the air 
do not influence the soil beyond a depth of about 3 ft., 
while a depth of about 40 ft. is affected by annual varia- 
tions of temperature. The observations made in the 
Punjab showed that at 20 ft. the annual maximum was 
reached in September, while the minimum was in March. 
The temperature of the earth increases with the depth. 
The rate of increase in England has been estimated to be 
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•about F. for every 50 ft. As soils conduct heat in 
varying degrees, the absorptive power varies as well. 
-Green vegetation lessens the absorptive power of the soil 
as evaporation occurs incessantly from the herbage. 
Damp soils are colder than dry ones, as the evaporation 
is constant. The temperature of the soil is taken at a 
depth of 4 ft. 

E. Soil Bacteria. — Garden soil and agricultural hurruis 
contain a large number of micro-organisms. They 
usually find in the soil all the conditions necessary for 
their growth and multiplication. Nutrition is derived 
from decomposition of organic matter, moisture, air, and 
suitable temperature. These conditions are found more 
in the superficial than in the deeper layers of the soil. 

One of the most important functions of the soil is 
the disposal and utilisation of organic matter. This is a 
complex process by which the proteins of the organic 
matter, animal and vegetable, are reduced to more simple 
and stable inorganic compounds. This disintegration is 
purely a bacterial action. Along with this process of 
catabolism there is also another phase of anabolism or 
building up jiroeess done by the living plants. These 
two processes —catabolism or breaking down and an- 
abolism or synthesis— form the ‘ nitrogen cycle ’ and 
‘Occur in the suj^ierfieial layer of the soil. This nitrogen 
cycle, wliich goes on in the soil through the agency of soil 
bacteria and plants, has an important bearing in the 
purification of water, prevention of soil pollution and 
disposal of sewage. Thus, when an animal or plant dies 
the protein constituents are acted upon by th(' iiutrcfactive 
organisms chiefly B, suhtllis and B. j^roteus, and some 
bacilli of the colon group. These break up the nitro- 
genous matter into simpler products and a process of 
putrefaction and licpiefaction takes place, when most 
of the bacteria pathogenic to man die. This putrefactive 
process goes on in the soil as long as the conditions for 
jbacterial growth are favourable, viz. a suitable tempera- 
ture, moisture and air. The breaking down of vegetable 
matter is however a slower process than the animal matter 
since the former contains less water and a smaller pe ]- 
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centagc of putroscible protein. The protien molecules are 
broken down l)y a process of hydrolysis into simpler aminO' 
compounds, the final products amongst other substances 
being carbon dioxide and ammonia. Pari of the former 
passes into the atmosphere and the rest is retained in the 
soil as earbonates. Since ammonia as such cannot be uti- 
lised by tlie plants some of it also passes into the air and 
the rest remains in the soil as a chloride or carbonate. 
The ammonia is oxidised by the niUifyimr organisms in 
the soil into nitrates which arc stable and represent the 
final stage of m inerali sation. The nitrates are held in 
solution in the gromul water and are either taken up by 
tiie plants or are washed away in the ground A\ater. 
The presence of nitrate therefore in the water is of 
some significance. (Sec Chemical Examination of Water 
pp. 45). 

Vaiiietiks of Soil 

Newsholme classifies soils as under • 

1 . Granitic, Metamorphic, and Trap Rocks owing 
to the good drainage and slope are ahvays dry and form 
healthy sites for liouses. “ AVeatliered ” granite, how- 
ever, is an exception to the rule, as it becomes disinte- 
grated and softened, absorbs wat(‘r, and becomes per- 
meated with lower forms of organisms. 

2. Clay Slate is equally healthy, the water-supply and 
vegetation being less. 

3. Chalk, when free from clay, is always a healthy 
soil, but uith ela}^ i.e, marly, it is damp and cold. 

4. Limestone, and Magnesian Limestone Rocks have 
considerable slopes, so that water runs off quickly. The 
hard oolite is tlie best and magnesian the worst. 

5. The Sandstones. — Here both the soil and air are 
dry, and therefore, healthy. If the sand be mixed with 
clay or if clay lie under a shallow layer of sand rock, the 
site is sometimes damp and cold. The hard millstone 
grit formations are healthy. 

6. Gravels, unless water-logged, are healthy in any 
depth. Gravelly elevations arc the healthiest of all sites, 
and the water-supply is usually pure. 
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7. Sands. — When of considerable depth and free from 
organic matter these may be considered healthy, but 
when they are shallow and lie on a clay basis, or when the 
subsoil water rises through thon to a high level, they 
are unhealthy. They arc equally unhealthy when water 
is found within a yard of the surface or when they contain 
soluble mineral matters. In the Punjab sand contains 
lime, magnesium, and salts of alkaline earth. 

8. Clay, Dense Marls, and Alluvial Soils, owing to the 
retention of water in them, are cold and damp. A clay 
soil will improve by thorough drainage. Alluvial 
characters are to be seen in the deltas of big rivers. 

9. Cultivated Soils. — Well -cultivated soils are frequent- 
ly healthy. Irrigated lands favour the breeding of mos- 
quitoes, therefore dwelling-houses should not be cons- 
tructed in the vicinity of such places. 

10. Made Soil. — When tanks, hollows, or other depres- 
sions of the ground arc filled up with refuse the resulting 
site is called viade soil. The chief point to be considered 
in such cases is whether the local conditions are favourable 
for rapid disintegration of organic matter. The complex 
organic substances are dis])osed of by the nitrifying 
micro-organisms and arc converted into harmless inorganic 
compounds which are finally removed by percolating 
rain water, insanitary tanks or low-lying lands where 
water can accumulate should be filled up for improving 
the local sanitary conditions, but to carry this out effec- 
tively and without offence certain precautions are neces- 
sary. The refuse undergoes fermentation and putrefaction 
with the formation of certain gases, chiefly marsh gas, 
sulphuretted hydrogen, etc., which may travel a long 
distance underneath the ground. The serious nuisance 
and consequent ill-health can be avoided by attending to 
the following points 

(i) All such sites should be dry, and in case of tanks 
or land subject to flooding the water must first be drained 
awa}^ and arrangements made to protect such areas by 
embankment. 

(ii) The dail}^ deposit of refuse should be covered over 
by a layer of dry, clean earth about 6 in. deep, Tliis 
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prevents the refuse from being blown about by wind, and 
emanation of foul vapours and breeding of flies. 

(iii) Whenever practicable such works should be 
completed before the onset of the rains to prevent 
formation of offensive pucklles and breeding of flies. 

(iv) Large tanks should be partitioned cither by means 
of bamboo matting or earthen dams, and each part taken 
in turn. The process should begin at one end and then 
gradually advanced onwards. 

(v) The land should not be used for some years (ten to 
twenty or even more according to the nature of the 
materials dumped) for building purposes, and should only 
be utilised for gardening or cultivation, care being taken 
to drain it properly. 

(vi) No dead animals, slaughter-house garbage or 
fecal matter should be thrown into the hollow. 

(vii) The hollows should be raised about 2 ft. above the 
surrounding area to make an allowance for settlement. 

Dampness of Soil. -Damp soil is, as a rule, unhealthy, 
and, when permanently wet, it generally contains much 
organic matter. To render the soil fit for habitation 
proper drainage for readily carrying away surfa(;e or 
storm water without permitting it to percolate into the 
soil and lam l should be made. Wherever necessary 
subsoil drains should also be constructed to permanently 
lower the level of the underground water. 

According to Simpson the following are the causes of 
dampness : — 

1 . Retentive Soils , — Clay soil is di/fieult to drain and 
when the land is low-lying, swamps are easily formed 
which add to tlie unhealthiness of the locality. Alluvial 
soils when mixed with clay, sand, and a large proportion 
of organic matter, as met within valleys or in low-lying 
lands, are also unhealthy. 

2. Impermeable Layer near Surface . — The depth of 
the subsoil water should be at least 5 ft. from the surface. 
When the impermeable stratum is too close to the surface 
it holds up the soil water very near to it. 

3. Obstructed Drainage.— Obstruction to the flow of 
the underground water or natural drainage of the locality 
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brought about by embankments often gives rise to damp- 
ness and marshine ss. That railways are responsible for 
the spread o? malaria in certain districts may be best 
explained in the words of Professor Simpson : “ Wherever 
railways do not follow the watershed of the district ample 
provision should be made to secure diversio n and suffi- 
cient outlet for the drainage which is likely to be obstruct- 
ed. In all new railways in the tropics this essential 
factor in the health of the localities through which the 
railways pass should be insisted on.” 

4. Biirrozv Pits, — When excavations are converted 
into stagnant pools and marshes they become breeding- 
places for mosquitoes. Such excavations are generally 
made on either side of the railway for raising the embank- 
ment. In all such cases arrangements should be made 
to empty these into the nearest watercourse. 

5. Sand Pits and Clay Pits. — These are generally 
formed when earth is required for building purposes, and 
are very diflicult to dram and add to the unhealthiness 
of the place. 

6. Silting up of Streams,— This leads to the obstruc- 
tion of the natural drainage and makes the place unhealthy 
and malarious. For example may be mentioned the 
silting up of the water ways in different parts of Bengal. 

7. Neglect to Keep Clear Water-ways. 

8. Introduction of Water-supply without Provision of 
Drahis. 

Effect of Irrigation on Soil.— Irrigation makes a healthy 
locality unhealthy when not attended with efficient 
drainage. When a large volume of water is allowed to 
run into a district the natural outlets, which may have 
been sufficient for its drainage prove inefficient, making 
the soil damp and water-logged. 

For the proper management of irrigition works in 
India without affecting the health of the district the 
following rules are to be observed : — 

1. The irrigation canals to be constructed along the 
line of the watershed. 

2. The smaller canals should be so constructed as not 
to be carried across the natural line of drainage. 
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3, Drainage to be constructed along the natural 
line of outfall. 

4. The"supply of water should be limited to the amount 
required, and to the particular time needed to secure the 
success of the crops. 

Diseases Arising from the Soil 

The upper few inches of the soil contains innumerable 
number of bacteria which give to the soil a sticky moist 
feeling so common with rich living soils. Very few bac- 
teria are however found below the depth of 4 to 6 ft, 
in an undisturbed soil. Houston found on an average 
100,000 per gramme in an uncultivated sandy soil, and 
115,000,000 per gramme in a sewage soil, bacteria which 
ordinarily grow in the usual laboratory media. The 
bacteria are either saprophy te or pathogenic, but the for- 
mer are found in abundance. Pathog(mic bacteria do not 
as a rule find a suitable medium in the soil for growth 
and development. Thus, Koch has shewn that anthrax 
and other pathogenic micro-organisms may grow on 
sterile soil but not in soil with ordinary soil-bacteria, 
i,e,, in living soil. These die in the struggle for existence. 
The soil however contains certain bacteria or their spores, 
e.L\ of malignant cedema, tetanus, etc. 

Usually the soil is capable of disposing of organic 
matters. W ithout this property the (nirth surface would 
have long become clogged with these substances. But 
sometimes it is unable to carry out this process, speci- 
ally when overloaded. Under these conditions the soil 
remains polluted. 

The soil was held responsible for the spread of certain 
infectious diseases, notably typhoid and tuberculosis. 
Few pathogenic organisms however can actually live 
in the soil. But a soil polluted with human excreta 
may contain specific organisms and give rise to different 
types of intestinal troubles. Thus cholera, amcebic 
dysentery, typhoid, etc., may all be produced from 
infected or polluted soil, though indirectly, through water, 
dust, or Hies. Certain vegetables eaten raw may com- 
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municate eggs of worms and bacteria in a mechanical 
way when grown on polluted soil. Finally, all water 
for drinking or otherwise must have passed through 
soil which materially affects its character. Infection 
contracted directly from soil polluted with human 
excreta is chiefly hookworm, and the eradication of the 
disease depends primarily upon the prevention of soil 
pollution. Again, tapeworm and other intestinal para- 
sites pass part of tluar life cycle on or in the soil. 

A nth ax , — Under normal conditions anthrax does not 
grow and multiply in the soil, although spores have been 
found in fields where infected animals have been allowed 
to graze. Pasteur demonstrated the presence of the bacil- 
lus in the soil and believed that the spores were brought 
to the surface by earth worms. Recent researches how- 
ever seem to show that the danger of infection from the 
soil is unimportant and anthrax rarely occurs through 
soil infection. 

Enteric Fever , — Pettenkofer considers that the varia- 
tions of the level of the ground water in an urban area 
arc associated with the rise and fall of the typhoid death- 
rate. lie considers that outbreaks of enteric fever occur 
when the subsoil water is at its lowest. Enteric excreta 
when buried superficially in dry sandy soil may be carried 
about by air and infect food. It is hardly possible that 
the bacillus multiplies at all in the soil, as it rarely lives 
more than a month or two there. On the other hand 
there are many possibilities of infection being conveyed 
through soil once it is polluted by typhoid excreta. 
Thus, the drinking water may be mfected, or the bacilli 
may be carried about mechanically by the agency of 
flies, dirt and dust. 

Cholera, — Pettenkofer holds a similar view with regard 
to cholera, lie considers that epidemics occur when the 
soil is porous, and has been rendered moist by a rise of 
subsoil water, which allows the air to penetrate the soil 
during the fall of ground water with which the cholera 
bacilli find their way. In India epidemics occur either 
during or after the rains which wash the bacilli from the 
surface of the soil into wells, tanks and other sources of 
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water supply. Under normal conditions the bacilli die- 
quickly when deposited upon or in the soil. It is possible 
that when the soil is infeeted with the excreta of cholera 
patients the vibrios may be carried by dirt, hies and dust. 
Cholera is rarely contracted directly from the soil. 

In India the evidence is in favour of the soil beinsf a 
medium for the propagation of the disease in which the 
bacilli retain their vitality for a lon^ time. 

Diarrhoea (epidemic or summer). — This is associated 
with low-lyincf alluvial soil. The soil temperature at a 
depth of 4 ft. is important and the summer rise in the 
temperature rises over 50"" F. The annual recurrence of 
diarrhoeal affections, especially among' infants, is due to 
the rise of temperature of the soil and consequent resus- 
citation to activity of certain pathogimic saprophytes to 
which these diseases are due, and to the changes effected 
by their means in milk and other food. 

.tnivtal Parasites,— -It is well-known that ankylosto- 
mum dnodenale is associated with soil infection, e specially 
moist sandy soil. Similarly most of the intestinal para- 
sites of man arc deposited on the soil and re-in feet man 
during one of the stages of their life cycle. 

Phthisis. — The effeet^of damp soil in the prevalence of 
phthisis, though indisputable, j^only indirect. Combined 
with cold wind, chill and moisture it might induce res- 
piratory catarrh and thus render persons more susceptible 
to the attack of tuberculosis, especially if the domestic 
and other conditions be insanitary. 

Tetanus. — The normal habitat of tetanus bacillus is 
the intestines of herbivora. The spores commonly occur 
in the soil of inhabited regions and have been found not 
only on the su]X’rfieial soil but at times a few feet under 
the soil. The bacillus probably docs not grow in the soil 
and although it can live in other places besides soil, yet 
soil is the chief medium through which the germs are 
distributed. 

Malignant Qldema. — The bacillus is found in the 
superficial layers of the soil and is found with putrefying 
matter. 



CHAPTER VI 


HOUSES AND BUILDINGS 

The selection of the site for building* purposes is often 
done without any reg'ard to its suitability from a sanitary 
point of view. The primary consideration in the selec- 
tion of a building site should be dryness, warmth, light 
and air. The following points therefore require careful 
consideration : — 

J. Since dryness of the soil is dependent upon the 
facility with which rain water can pass off, the ground 
selected must be rising with a sufficient slope to allow 
the rain water to be drained off rapidly. 

2. Permeability of the soil should not be overlooked. 
The soil should be of a loose gravelly nature to allow free 
drainage. The worst soils are shallow beds of gravel or 
sand lying over clay, as also alluvial tracts, owing to 
their frequent water-logged condition. Made .soil should, 
as a rule, be avoided for building purposc^s. 

3. Tlic building should be o])en on the east and south, 
aiif! a part of it atleast should be exposed to ihe sun. 

t. Vegetation around the house will keep it cool, but if 
it be too close it may make the house damp b}^ obstructing 
light and air. 

5. The site should be at a distance from marshes, 
paddy fields, cowsheds, stables, etc. 

6. The surface soil or subsoil should not be polluted by 
sewage or other refuse, and the surface drainage of the 
soil must be good. 

7. Vicinity of a bazaar or a Inistee should be avoided. 
Similarly, places close to trenching grounds, open lands 
where refuse is thrown, factories, etc., are unsuitable 
for building purposes. Servant’s quarters should be as 
far away as possible, especially in malarious places. 
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8. A site with a constant level of subsoil water is better 
than a place where the subsoil level varies in different 
seasons of the year. The ground water should be about 
6 ft. below the surface and not subject to sudden 
changes. 


Construction of Housfs 

To make a house healthy it must be properly lighted 
and ventilated and made dry, as a dam]) building harbours 
disease. Dampness may originate from tlic soil oii which 
the house stands, or from rain, leaky roofs, or from 
planting trees too near to the house. Bricks by their 
capillary a1 traction draw up moisture from the soil and 
make a house damp, I II -ventila ted and closed houses 
without a sufficient number of doors and windows for 
admitting light and air arc always damj). It is almost 
impossible in India to adequately vemtllate a room by 
natural means unless arrangements are made for 
yentilation V)y means of doors and windows. Situated in 
narrow lanes as most of the houses in congested parts of 
towns are, with a narrow frontage, and wedged in between 
adjoining buildings, three out of four Mocks are absolutely 
shut in save for the tiny courtyard which in lofty buildings 
is almost well '■like. The Oriental st 3 de of constructing 
buildings with an open central court has the advantage 
of admitting light and air into the interior of each room, 
provided the area of the coiirtjmrd is in proportion to the 
height of the structures around. 

The whole of tlie low’er storey of the zenana, even in 
large and valuable houses, is generally used as godowns 
and kitchens. The average kitchen is a gloomy, stuffy den, 
full of acrid smoke, and the absence of chimneys resiilFs in 
an atmosphere which is almost unbearable w^hen cooking 
is going on in a particularly ill-ventilated kitchen. 

The system of dividing dwelling-houses amongst 
several co-heirs is a potent factor in the production of 
insanitary property. Each co-sharer erects as lofty a 
masonry wall as he possibly can, so as to shut off com- 
pletely his share from the rest. The result too frequently 
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is that a noble mansion with spacious courtyards is con- 
verted into a number of mean little houses with totally 
inadequate open spaces, and most of the rooms imper- 
fectly lighted and ventilated. 

The Foundation must always be solid and substantial. 
When the soil is soft and yielding, the walls should be 
broad and built on a solid basis of concrete. In making the 
foundation the ground should be dug up, and then a bed 
of good cement concrete made covering the whole site of 
the house and extending G*in. beyond the ‘‘ footings ” of 
the walls on every side. The object of laying this bed of 
concrete is to prevent subsidence which occurs in buildings 
erected on loose soils or without a good concrete. The 
depth of this concrete should depend upon the weight 
of 1 he wall which lias to be supported and in no ease 
should be less than IS inches. In addition to this bed 
'bf concrete a layer of impervious material known as the 
“ damiD-xiropf coiirse,” should be laid horizontally for the 
entire thickness of each wall, above the point where 
the wall leaves the earth, but below the level of the floor. 
This precaution is taken to impose a barrier to the upward 
progress of the moisture. By capillary attraction the 
bricks absorb moisture from the soil even as far as ihe 
upper room< and mak^ the house damp and unhealthy. 
The materials used for this purpose must be imper- 
meable to moisture and su/Ticiently strong to stand the 
superincumbent weight and unecjual pressure, and may 
consist of one of the following : — 

1. Sheet lead, 

2. Two layers of roofing slate, 

3. A layer of good asphalt 2 in. thick, 

I. Well-tarred bricks, and 

5. Patent stone made with stone chips, cement and 
stone dust of 1 inch thick. 

Efficient ventilation with dryness of the floor may 
be ensured by erecting the house on arches ; but care 
should be taken to keep the ground surface perfectly 
clean and dry, for, not infrequently, this is allowed 
to remain wet and filthy, and becomes a receptacle for 
dirty water, refuse, etc. 
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Walls, — The materials usually employed for the 
construction of the ^valls of dwelling houses are bricks, 
stones, or wood. A good brick should be well burnt, of a 
regular shape, of a uniform colour, and when struck 
should give a clear met « Hie sound. Ordinary bricks are 
porous and so allow air and moisture to pass through them. 
The brickwork of the wall should be at least 15 in. thick ; 
the thickness is usually regulated by consideration of 
stability. The bricks should be properly bound together 
by being laid length ways and cross ways alternately. 
Wood, unless well seasoned, should not be em])loyed. 
A thin -walled house is hot in summer and cold in 
winter. It is necessary that the outer wnills above the 
ground level shouhl be so constructed as not to admit 
damp even if ex])osed to ram and wind. Hollow external 
walls would resist any amount of d.ani]), and they consist 
of parallel Avails separattal by an air space oi' about 2 in. 
and tied together by biiuhmr ties of iron ; but tlu‘ corust ant 
presence of rats, fde., within double Avails mak(‘s it dilli- 
cult to prevent a nuisance .arising tlierefrom. A good 
plan therefon^ is to lill the space iKdAvetai tAvo suelr A\alls 
Avith asphalt, thus forming a A'crtieal damp-proof course. 

The chimtie'/ Jlues, Aviierc necessary, should be jiropcrly 
constructed during tli(‘ erection of the liouse Avails. They 
should be circular, straight, and higher than th(* surround- 
ing building, and not lUade of any iidlammable matm’ial. 

The Avails of house's are mostly plasterc'd and white or 
coloiir-Av ashed outsidea The plaster is eliielly a mixture 
of chunam (lime) and rivT^r sand. It has bee n the custom 
of late to leave the outside Avails Avith bricks exposed, but 
for this, neat AA^ork with good bricks is required. Although 
this looks wrdl and refreshing to the eye, it makes the 
buildings proportionately hotter. 

The inside of Avails is generally covered Avith plaster. 
Ordinarily this consists of t avo layers, the first is a mixture 
of lime and sand, and the second of slaked lime mixed 
with Avatcr to the consistency of cream. The treatment 
of this surface of the room however differs ; it may be 

(a) Limeivashed with quicklime and water. This acts 
as a germicide. 
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(b) Whitewashed with a mixture of whiting or finely- 
ground chalk and water. Some alum or gum may be 
added to protect it from being rubbed off. 

Oil painting is also done. This renders the surface 
impervious and enables it to be easily washed. The 
painting of wood and iron work with oil paints is valuable 
not only as a preservative but also t)ecause it prevents 
absorption of organic matters. 

Papering is rath er rare in India, being rapidly deterio- 
rated by the climatic conditions that prevail. 

The upper floors may be made of wood, or terraced 
and cemented. Floors arc best made of impervious 
materials which can be washed. Bricks, stones, tiles, 
brolccn bricks and mortar, cement, asphalt, etc,, are all 
used in India. TIk^ floor o.t the ground storey should 
invariably be air am I water-tight. Tlie concreted floors 
an^ usually covered with a layer of good cement, patent 
stone or marf)lc‘ slabs. 

The roofs of Indian houses are either flat or terraced, 
sloping or pent. Flat roofs should have just enough 
slope to allow rain-water to flow off. Bool’s should always 
be hi<jh, as the licait radiated from a roof is in in\erse ratio 
to the s(piare of its dist!ine(\ Flat roofs are not so cool as 
sloping ones and are not so well adapted for ventilation. 
They, howev(‘r, afford a promenade and a place for 
slee])ing in the hot weather. 

Slopino or pent roofs may be either of tiles, slates, 
thatch, corrugated iron, etc. Tiled roofs are coming 
more into fashion with the introduction of different varie- 
ties of tiles. Thatched roofs made of hay or straw, spread 
on a bamboo frame-work, and about 6 to 12 in. thick, are 
often used for the construction of bungalows, especially 
in tliosc ]u\rts of India where the heat is great. These are 
very cool and dry, but their liability to take fire easily 
and ^he shelter they give to rats, insects, and other animals 
are the great drawbacks. This may partly be obviated 
b}^ occasional rencAvals. A double tiled roof with a 
space betwaHui should make a very cool -covering to a 
dw’clling. Corrugated or galvanised iron is also used as 
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roof covering. This is very hot in sumnxer and noisy 
during the rains, but is very well suited lor hill stations. 

The height of the rooms should be at least 10 ft., and 
every room must have at least one window opening 
to the outer air direct. But very great height is not 
desirable unless proper arrangements are made for the exit 
of foul and warm air from the upper part of the room. 

The kitchen should not be near a privy, or so placed 
as to allow the smoke and smell of cookijig getting into 
the rest of the house. It should not be on the side of a 
busy road and thus be exposed at all times to the dust 
and the impurities it contains. It must be fly-proof with 
automatic closing doors with openings for the exit. of the 
smoke as near the ceiling as possible. It slioiild have 
floors with impervious materials, e.g, cement concrete 
or brick on edge, and hav^e proper arrangement for wash- 
ing. The garbage should be collected in a special covered 
receptacle which should lie emptied at regular hours at 
least twice a day. 

Water-closets or prunes should be confined to one part 
of the house. At least two sidf's, if not more, should be 
open to the outsifle air, and the floor and walls up to a 
certain height should be of cement or glazed tiles. In 
villages where more land is available the privy should 
always be at a distance from the main building. 

Disposal of Rain and Slop Water.— Every house 
should be provided with rain-pipes for getting rid of rain 
water. These may be cither of wrought iron, tin, or 
earthenware. Those made up of wrought iron ar(‘ the 
best. Houses with sloping roofs should ha\x‘ gutters all 
round the lower edge of the roof to catch the rain, with 
openings at intervals, whence the w^ater is carried down 
by ordinary rain-pipes. In order to prevent surface water 
peicolating into the ground and thus making the house 
damp the surrounding area should be cemented and the 
water carried either direct into a yard gully or sewer, 
or into the main street drain through half-channelled 
open surface drains. 
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The IIousino Problem 

Nowadays, in cities like Calcutta and Bombay, various 
new problems relating to the construction of dwellings for 
proper accommodation are being seriously discussed ; the 
chief point to consider Vicing how to obtain an abun- 
dant supply of air and light. To meet these ends, 
well-built, well -drained, and healthy residential quar-' 
ters or lod^in^ hoa.^es are constructed. 

A. Residential Quarters. — The following points should 
be attended to in the construction of a residential flat : — 

1. The building, the drainage, and the water-supply 
should conform to the Municipal Act. 

2. The staircase, flats, and pantry should be well 
lighted and aired. 

3. The water-eloset for each flat should be in a detached 
portion of the building, and the number should be in the 
proportion of one for every six persons. 

K There should be abundance of water-supply and 
proper arrangements for eflicient drainage. 

5. Each block or flat should be complete with separate 
water-closets, baths, kitchen, etc. 

fl. There should be sufficient open space for each block 
or flat. 

7. The kitchen should also be detached, to prevent 
smoke from entering into the residential quarters, and 
connected to the main building by a covered passage, 

8. The servants’ quarters should be away from the 
house but within the compound. 

B. Lodging House : — 

By a lodging house ” is meant a house where persons 
of the poorer class .are received for short periods (usually 
at night), and although strangers to one another, arc 
allowed to inhabit a common sleeping room. Such 
lodging houses (mostly unauthorised) exist in different 
part« of India, especially in places where people go for a 
pilgrimage and stay for a short time only. 

The cubic space per head in a lodging house should not 
be less than 300 ft. The rooms must be properly lighted 
and ventilated, and arrangements made for regular and 
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thorough removal of refuse and slops. There should be 
a sufTicient supply of good water. 


Bustees and Huts 

“ Bustee means an area containing laud occupied by, 
or for the purposes of, any collection of huts. 

Bustee Land means land in a bustee ” which is let 
out for the building of huts under an arrangement by 
which tlie tenant of tlie land is tlie owner of tlu' hut. 

Hut means any building no material ])ortion of which 
above the plinth level is const ructe d of masonry. 

The floor of such huts are commonly of earth without 
any dam})- proof course or bed of concrete and conse- 
ipiently are very dam]). Huts may also be Doored cither 
with split bamboos or with jarool planks. The plinth 
should be at least 2 ft. or 3 ft. high. This will keep the 
floors dry and pro|)(*rly drained. 

The ivaJls are either of wood, unburnt bricks, bamboo 
matting |)lastcred over with mud, or corrugated iron or 
tin. Tlie ro(tfs are made eithcT of that(*h, paddy straw, 
ooloo grass, palm-leaves or country tiles {/efiapreis)^ or 
corrugated iron. 

Such huts are \ery unhealthy, and efforts should be 
made to im}irove them. It is im|)ortant that all huts 
should have an open Sfiace or courtyard to which each 
room should o})en. Each hut should be a detached 
structure and built in a continuous line witli ]U' 0 })cr 
arrangements for light and ventilation. The huts should 
be of uniform height and not made higher than 1C ft. 
In the construction of huts the following points should 
be attended to : 

(a) The use of cowdimg as a covering for th(‘ Door and 
wall should be stopped. 

(/)) Mud Doors sliould be dug u|) and removed every few 
months : a lay or of fresh mud must be laid again. It is 
better to have cement Doors. 

(c) Each room shouhl have at least two windows 2 ft. 
square, opposite each other ; in the ease of one window it 
should be 3 ft. scpinre. 
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(d) Mud walls should be periodical!}^ whitewashed. 

(e) Dirty water and waste food and garbage should 
not be thrown in the vicinity. 

(/) The windows and doors should be left open ni.orning 
and evening for free ventilation. 

(g) The latrine must be outside the main hut and must 
have an impermeable floor, easily accessible from behind 
for the sweeper. It must be cleaned daily and have the 
door and window large enough to allow nlenty of fresh 
air and light. 



Fig. 9. — A Group of Huts. 


In this country one of the greatest difficulties in the 
way of civic improvement is the irregularity with which 
the huts are erected in bustees without any provision 
of decent passages for scavenging and efficient drainage. 
The evils attendant upon overcrowding and the aggrega- 
tion of large number of p(‘ 0 })les in these bustees or iuahalas 
are disease, danger, and lilth. Such an arrangement 
contributes largely to the insanitary condition of the 
localities from iiujK'rfect ventilation and the impossibility 
of carrying out jiroper scavenging. Figure 9 shows a 
group of huts, the insanitary condition of which is ob- 
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vious. The roads should, as far as possible, run in 
parallel lines and the cross roads should intersect others 
at right angles. The huts should be 6 ft. a])art from wall 
to wall and S ft. from eave to eave ; and bet^veen each 
row there should be a passage of 9 ft. while the main 
road should be 10 ft. wide witli side surface drains. Dust- 
bins should be placed at convenient distances, and 
latrine arrangements made according to the dcanand of 
the population. 


Ba KEHO l ses 

In India it is rather exceptional to find a bakehouse 
built on sanitary principles. The law relating to them 
being very defective, any room or hut may be converted 
into a bakehouse. 'Fhe sanitary principles for the cons- 
truction of a house where food is prepared must be rigidly 
enforced. A very common defect is that the floors are 
not made impervious ; such (loors are productive of serious 
nuisance as they do not admit of proper cleaning. It is 
best to ha^x' the lloors paved or cemented. The rooms 
should be well lighted and ventilated, and the walls, etc., 
should be lime-washed at least evxry six montlis, and 
no part of the room should be used for sleeping purposes. 
No w^atcr-closet, privy, or sewer should communicate 
with the interior of a bakehouse, nor should any animal 
be kept there. 

Cowsheds asd STAnnr.s 

They must be separate structures and ])laced at a 
distance of about 20 ft. from any place of human habita- 
tion, and at a distance of at least .^0 ft. from any source of 
water-supply. Cowsheds and stables should always be 
well lighted and wxdl ventilated wdth floor raised about 
6 in. above the surrounding ground level. The floor 
should have a slope on one side, and must be of some 
impermeable material, either brick-on-edge wdth cement 
pointing, or stone paved. These should have a good roof 
to keep out sun and rain, and walls to prevent the damp 
and cold winds blowing on the cattle. The drains should 
be plastered with cement and rshould lead either into a 
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vat or a movable and non-absorbent receptacle of suffi- 
cient size, protected from flood and rain. The vat should 
be at a distance of about 10 ft. outside the stable wall. 

Each cow must have a ejear space of 8 ft. x 4 ft. and a 
minimum air space of 600 cubic ft., each horse 9 ft. x 5 ft. 
and each buffalo 8 ft. X 5 ft. The best form of cowshed is 
an open one, protected only by a roof and low walls. 
Every cowshed, stable or cattle shed should be thoroughly 
cleansed twnee a day, and should liavc a good water-sup- 
ply. A sufficient number of dustbins must be provided, 
and arrangements made for regular removal of refuse. 

Dairies. — No milk store or milk shop should be used as 
a sleeping apartment or for any other purpose likely to 
contaminate milk, which has the remarkable power of 
absorbing gases, and so of deteriorating in quality within 
a very short time. Proper pjmnsion shouhl therefore be 
made for the protection of milk against infection. No 
dairy should communicate with privies or drains, and 
all milk cans should be steamed or scalded immediately 
after use. All dairies should he properly lighted and 
ventilated, and provision made for their cleansing, drain- 
age, and water-supply. 


RULES ON BUILDING SITES AND BUILDING WORKS 

1. No piece of land shall bo used as a site for tlio erection of a 
building ; — 

(1) if the buildinpr Is to aim t on a street, unless the site is of such a 
shape that the face of the building: can be made parallel to the line of 
the street, or as nearly parallel to the said line as the General Committee 
may consider practicable ; 

(2) if the site is within thirty feet of tank, unless the owner satisfies 
the Engineer that ho will take such orde r .as will prevent any risk of the 
domestic drainage of the b'ulTdTng: passing: into the tank ; and 

(3) if the building to bo erected is a public building, a dwelling house 
or a hut, — 

(a) unless the site is certified by the Engineer to be dry and well 

drained, and 

(b) if the site Is a fllled-up tank, or has been filled up with or used 
for depositing rubbish, offensiye matter or sew^age, unless the 
site was so filled up or last so used more than five years pre** 
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viously, and unless the Chairman has examined the site and 
granted a certificate to the effect that it is, from a sanitary 
point of view, fit to be built upon. 

Buildings Generally 

3. The floor or lowest floor of every building erected or re -erected 
from the ground -level must bo constructed at such level as will admit of — 

(a) the construction of a drain sufficient for the effectual drainage of 
the building and placed at such level as will admit of the drainage 
being led into some municipal sewer at the time existing or pro- 
jected, and 

(&) the provision of the requisito communication with some sewer into 
which the drainage may lawfully be discharged, at a point in the 
upper half of such sewer, or with some other means of drainage 
into which the drainage may lawfully be discharged. 

7. (1) Except with the sanction of the General Committee, the founda- 
tion of a masonry building must rest on solid ground. 

(2) The spread of the foundation must be such that the pressure on the 
soil shall not be greater than one ton on the sq. ft. 

8. The plinth of a masonry building must be atlcast 2 ft. above the 
level of the centre of the nearest street. 

9. Every wall of a masonry building must bo constructed so as to rest 
upon proper footings having regular offsets and a horizontal spread on each 
side of tlie wall of not less tlian one-half the height of the footings, nnless 
an adjoining wall interferes, in which case the footings may he omitted. 

10. The outer walls of a masonry building must bo constructed of brick 
or some other hard and incombustible substance. 

12. (1) Every wall of a masonry building must have a damp-proof 
course at or above the level of the ground lioor. 

(2) Such damp-proof course may consist of sheet lead, asphalt, slates 
lain in cement, vitnflod bricks or any other durable material impervious 
to moisture. 

19. The whole of at least one side of every room in a dwelling house 
must either he an external wall or abut on an interior court-yard or on a 
verandah. 

20. Every room in a domestic building which is intended to bo used 
as an inhabited room — 

(a) must be in every part not less than ten feet in lieight, measured 
from the floor to the undersido of the beam on which the roof rests ; 

(b) must have a clear siiperflcial area of not less than eighty sq. ft. ; and 

(c) must be provided, for purpose of ventilation, with doors or windows 

opening directly into the external air, or into a verandah, and 
having an aggregate opening of not less than one-flfth of the super- 
ficial area of that side or one of those sides of tho room which faces 
or face an open space. 

21. (1) The minimum superficial area of every Interior courtyard of a 
dwelling house shall be one-fourth of the aggregate floor area of tlie rooms. 

(2) The minimum width of every such court-yard shall be eight feet. 

26. No room other than a bath room or privy shall be placed over a 
privy in a domestic building. 
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Huts 

37, Huts in a bustee must bo built in continuous lines, in accordance 
with an alignment to be prescribed by the General Committee and demar- 
cated on the ground, 

38, Where an alignment prescribed as above does not correspond with 
the alignment of a street in the bustee, a passage of at least twelve feet, 
measured from eave to eave, must bo left between the rows of huts 
abutting on such prescribed alignment. 

y41. There must be between all huts abutting on a street in a bustee 
a space of at least three feet measured from cave to eave. 

42. Except with the sanction of the General Committee, no hut shall 
be placed at a greater distance than one hundred feet from the nearest 
part of a metalled and sewered street. 

43. No portion of a hut shall bo placed within six feet of a masonry 
building. 

45. No hut shall comprise more than two stories or shall exceed 
eighteen feet in height, measured from the top of the plinth to the 
junction of the eaves and wall. 

46. The plinth of a hut must be raised at least two feet above the level 
of the centre of the nearest street or passage. 

Stables, Cattle-sheds and Cow-sheds 

Sec. 455, — (1) The Corporation, at the instance of the General Com- 
mittee, may give public notice of their intention to declare — 

(a) that in any area specified in the notice no person shall keep milch- 

cattle for the purpose of supplying mdk for sale, and 

(b) that all milch -cattle kept in such area for such purpose must bo 

removed from such area within a period, not being less than three 
weeks not more than six months, to be specified in such notice. 

Sec. 456. — (1) All stables, cattle-sheds and cow'-houses shall be under 
the survey and control of tlie General Committee as regards their site, 
construction, materials and dimensions. 

(2) The General Committee may, by written notice, require that any 
stable, cattle-shed or cow-house bo altered, paved, repaired, or kept in 
such a state as to admit of its being sufficiently cleansed, or be supplied 
with water or he connected with sewer, or be demolished. 

(3) Every such notice shall be addressed to the ow ner of the building 
or land to which the stable, cattle-shed or cow-house belongs, or for the 
use of the occupants of which the same was constructed or is continued. 

Sec. 457. — If any stable, cattle-shed or cow^-house is not constructed or 
maintained in the manner prescribed by or under this Act, the General 
Committee may, by written notice, direct that the same shall no longer bo 
used as a stable, cattle-shed or cow-house. 



CHAPTER VII 


FOOD 

A FOOD may be defined as anything whieh, when taken into 
the body, is a])]e cither 

(i) to build iij) or repair tissues, or 

(ii) to su})ply materia] tor the production of lu'at or 
muscular work. 

A true fooa must therefore be either a tissue builder or a 
source of potential energy. 

Certain articles, condiments, though strictly 

speaking tliey cannot be classed as food, are used as ac'ces- 
sories and help in the assimilation of food. Considering 
the part it plays in the assimilation, salt may also be 
classed as an important food. 

Classificatiov of Foods 

Foods arc variously classified, depending upon their 
source, into those obtained from the organic kingdom, and 
those derived from the inorganic kingdom. The former 
class embraces protcans, fats, carbohydrates and organic 
acids ; while the latter includes mineral salts and water. 
All these substances are obtained in varying amounts 
from the animal and vegetable kingdom. Sometimes 
foods are classified as nitrogenous and non-nitrogcnous 
foods depending upon the presence or absence of nitrogen. 
Milk contains all the proximate principles of diet and is 
an example of perfect food for growing children. 

Strictly speaking condiments, tea, coffee, etc., are 
accessories to food. These and the various spices 
exc'te the digestive juices and produce a desire for food. 

The statement that a diet consisting of the five well- 
known elements — proteins, fats, carbohydrates, salts, 
and water — is all that is necessary for the maintenance 
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of health requires some modilication. It has been found 
that young rats fed on purilied protein, carbohydrate, fat, 
salts, and water cease to grow even if the quantity supplied 
is correct. Hut if only a teaspoonful of fresh milk is 
given daily growth becomes normal. It appears, there- 
fore, that in addition to the different proximate principles 
of food small amounts of other substances play an acces- 
sory or even an essential role in the complex chemical 
processes of nutrition. iTiesc substances have been 
n ame d v it am ins . 

The nutritive constituents of food may be grouped 
thus : — 


/Proteins 


^Albuminous or 
I Nitrogenous 


Albuminoids 


r Myosin of meat. 

- Casein of milk. 
[Gluten, Legumin. 

\ Gelatin. 

^ Chondrin. 


Organic J 


Carbohydrate j Starch 
< Sugar. 


1 I Fats or hydro- 

' Non-nitrogenous / carbons 


(Oils. 

J Fats, Butter. 
{ Ghee, etc. 


Inorganic 


[ f Oxalic, 

Vegetable acids [Citric, etc, 

/"Water 

' fCommon salt. 

I I Chlorides. 

(^Mineral matter or Salts 1 phosphates. 

[Lactates, etc. 


Proteins. — These are complex bodies colloid in charac- 
ter excepting in certain leguminous plants where they 
arc crystalline. They are found both in animal and 
vegetable food and are most essential for the maintenance 
of\nin.al life. They are also knoum as nitrogenous or 
flesh forming substances and are composed of — 

Nitrogen . . 16 per cent. Hydrogen 7 per cent. 

Carbon . . .54 „ Sulphur . . 1 „ 

Oxygen . . 22 ,, 
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The animal proteins arc more easily digested than 
vegetable proteins. But the primary sources of proteins 
are from the flesh of animals, eggs, milk and certain seeds 
and fruits of plants, especially of the leguminous order. 

The functions of the proteins are : — 

(i) They contribute to the formation and repair of 
the tissues. 

(ii) They form the digestive and other fluids of the 
body. 

(lii) Tliey regulate th^ absorption and utilisation of 
oxygen, and play an important part in the chemistry of 
nutrition. 

(i\') Under certain conditions they form fat, as the fat 
of milk is d(‘ri\’cd principally from the protein of the 
food. 

(v) Un(l(T certain conditions proteins su))ply energy 
and lieat, and may take the |)lacc of carbonac(‘ous foods. 

Fats or Hydrocarbons. These are com|)ounds of fatty 
acids, e.g. ])almilic. stcniric, etc., witli glyc(‘rine. They are 
composed of carbon, hydrogen, and oxygim, the amount 
of oxygen is insulficient to comliine with hydrogen to 
form wat(‘r. 

. One of the great purposes s(‘r\ed by fat in the food is to 
diminish albuminous nudabohsm, and thtndbre it is 
called “ albumin sparing food.'’ If llesh alone be given 
large quantitii's are recjuircd in order that nutrition and 
Wiistc* may balance' each other, but if fat be added the 
demand for llesh is diminished. Fats, howc'ver, have an 
important relation in the body to the production of force 
and heat, and also to bodily work and bodily tenijicrature. 
They yield about times as mueh energy as an C(|ual 
amount of carliohydrates. Uidikc ])roteins the meta- 
bolism of hydrocarbons is ind(* pendent of the amount of 
food taken, but is affected by bodily exercise which pro- 
duces little effect on nitrogenous metabolism. In some 
cases fat is eaten in excess. In temperate climates an 
excess of fat is usual in the diet of those who do hard 
work, where the fat is more or less dirc'ctly utilised as a 
source of energy. But when there is excess of fat in the 
diet of sedentary persons, part of it is unabsorbed and 
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passes out with the faeces, but a lari^c aniount is stored up 
in the body. Every body knows that fat animals stand 
privation of food better than thin ones ; in such eases 
the small store of fat is quiekly consumed and the albumin 
is rapidly called on. 

Carbohydrates.— These are compounds of carbon, 
hydrogen, and oxygen. The oxygen is present in the 
proportion recjuired to form water with the hydrogen. 
During digestion starch, cane sugar, dextrine, and milk 
sugar are transformed into grape sugar or glucose before 
they arc absorbed, and in tins form they are much more 
metabolised than the fats or proteins. The excess of sugar 
is stored up in the liver and muscles as glycogen. The 
glycogen of the muscle disappears in proportion to the 
work done, and prolonged muscular work especially 
during starvation may wipe out the entire store of glycogen 
in the body. The oxidation of sugar therefore furnishes 
energy which by the machinery of the muscles is utilised 
to do work. This oxidation plays an important pari in 
the supply of h(‘at needed by the body. Each grain of 
sugar yielding 4 calories of heat, and since carbohydrates 
form the major portion of our diet and are easily oxidised, 
they form an important factor in the maintenance of 
animal heat. 

The carbohydrates therefore play the same role as fats 
in food, being sources of heat and energy, and arc more 
easily taken u]i into the system than any other class of 
food. They are also a source of fat, but in ordinary diets 
they arc utilised immediately as sources of energy. 

Vegetable Acids.-- Although these are not, strictly 
speaking, foods, they are necessary for the preservation of 
health ; the chief ones being tartaric, citric, oxalic, and 
malic acids. Vegetable acids are mostly derived from 
fresh fruits and vegetables, and by forming carbonates in 
the system they help to preserve the alkalinity of the 
blood and other fluids. Ry oxidation they help the body 
to maintain a certain amount of heat and energy. 

Mineral Salts. — These are of great value to the body 
and are as essential to nutrition as the proteins. They 
include common salt, phosphates of lime, soda and potash, 
9 
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magnesium and iron. Of these sodium chloride or common 
salt is very important and occurs in all the tissues and 
fluids of the body. It enters into the formation of hydro- 
chlorie acid of gastric juice, and bile salts, and is abso- 
lutely necessary for existence, and its complete with- 
drawal from food woidd prove speedily fatal. A large 
part of it is taken in meat, bread, etc. The phosphates 
of sodium and j)otas&ium are important salts ; the blood 
plasma and other Iluids owe their alkalinity ])artly to 
these alkaline phosphates. Sodium carbonate and 
bicarbonate are also found in the plasma. They are 
taken in small quantities with the food and partly formed 
in the body by the decomposition of the salts of the 
vegetable acids. They carry COg from the tissues to 
the lungs. Calcium phosphate' is essential for tlv' dev(‘lop- 
ment of bones and is very important for the young. 
Calcium salts also play a most important role in connec- 
tion with the irritability of muscle and nerve. The best 
source of lime salts is milk, and next to milk is egg. 
Bice is also an important source of calcium. Iron is an 
essential element of hamoglobin, and therefore of the red 
blood cells. It is also found in the muscles and in other 
tissues in minute (piantitics. 

All these mineral substances are introduced into the 
body as constituent parts of the various ordinary articles 
of human food, animal or v^egetablc, with the exce})tion of 
common salt, which is usually added to various foods in 
greater or smaller amount in addition to what they may 
themselves contain. 

Vitamins, — Observations made by Funk and others 
show that in addition to the different proximate principles, 
there are certain accessory materials that are necessary 
either because they play some important role in the 
synthesis of the body, or influence in some indirect way 
the normal direction and character of the metabolism. 
It has been shown that beriberi is caused by a diet exclu- 
sively of polished rice, i.e. rice from which outer layers 
of the grains have been removed. If however, the poli- 
shings are restored to the diet the condition disappears. 
It is believed that the polishings contain some material 
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essential to body metabolism. Funk has isolated from 
the polishinejs of the rice, and from many other ordinary 
foods a nitrogenous base resembling in structure the 
pxjrhnidin bases found as one component of nucleic acid, 
and this he has named vitamin. It is the lack of this 
accessory in polished rice which makes this material when 
taken alone an inadecjuate diet. It is therefore almost 
prov^ed that these accessory substances are essential 
to norma] growth and maintenance. The part that 
they play in normal metabolism is not clearly understood, 
and it has been suggested that they act in the manner 
of hormones. 

Vitamins have been classified into : — 

(a) Antineuritic or the Water-soluble B 

(h) Antirachitic or the Fat-soluble A 

(c) Antiscorbutic or Water-soluble C 

la) Antineuritic or Water-soluble — This vitamin 

prevents the oeeurrenee of beriberi in man and analogous 
diseases in animal. It is found to some extent in all 
natural foodstuffs, especially in the seeds of plants, in 
eggs and fish. Milk, cheese and potatoes yield less 
antineuritic vitamins, while yeast, even autolised and 
filtered, retains large quantities of the vitamins which 
will rapidly cure experimental poll neuritis. The anti- 
neuritic vitamins arc slightly affected by high tempera- 
tures. At 1()()°C., which is comparable with ordinary 
cooking processes, the anti-neuritic property of wheat 
germ is slightly diminished, and at 120°C., which is 
attained during the sterilisation of human food, as in 
canning, destruction is much more rapid. 

(b) The Fat’Soluble A or antirachitic vitamin promotes 
the growth and prevents rickets in young animals. The 
main sources of this vitamin are (i) certain fats of 
animal or vegetable origin, and (ii) green leaves. They 
are found in abundance in cream, butter, beef, fat, cod- 
liver oil and yolk of egg. Pea-nut or arachis oil is supposed 
to contain this vitamin in large amount. 

(c) Antiscorbutic vitamin, — This is necessary for the 
prevention of scurvy and is found in fresh vegetables 
and animals. Its richest sources are cabbages, turnips. 
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lemons, oranges and tomatoes. Milk and meat possess 
a deiinite but low antiscorbutic value. The antiscorbu- 
tic vitamin differs from the anti-neuritic one in its 
distribution and properties, as well as in the nature of 
its influence on nutrition. This vitamin is less wide- 
spread than the anti-neuritic vitamin, and is more 
sensitive to heat and drying than the antineuritic one. 
Tinned foods which have been raised to a temperature 
of 120 °C. lose their antiscorbutic pro})erties. It has 
also been shown tliat although dried pulses contain no 
antiscorbutic principles while still dry, the antiscorbutic 
elements develop in 18 hours if they are moisttaied, kept 
warm and allowed to germinal e. All dry foodstufls are 
deficient in anti -scorbutic vitamins. The tissues of 
fresh vegetables dried at low temperature or their ex- 
pressed juices preserved in the cold rapidly Jose their 
anti -scorbutic property. 

Water. — This is an important article of diet and forms 
64 per cent, of the body weight. The daily loss from the 
system is about 100 oz. It is taken separately, as also 
with the solid foods which contain it. W ater is necessary 
to compensate for the losses caused by the excretory 
organs, and for the repair of the various Huids and of the 
solid organs of the body into whose constilution il greatly 
enters. It is also a vehicle for the solution and dilution 
of solid foods whereby they arc more easily digested and 
assimilated. The amount of water needed by the body 
depends on various circumstances, especially on bodily 
temperature and bodily labour. The greater the func- 
tional activity of the bodily organs the more is the need 
for water. The temperature and humidity of the air, as 
also the nature and amount of solid food taken, also 
increase the neccssit}?' for the taking in of water. The 
need for water is indicated bv thirst. An insufficient 
supply of water leads to disturbances of circulation, and 
of the heat regulating mechanism, and also to retention 
of products of metabolism. A free supply of water 
promotes the circulation of fluids, accelerates albuminous 
metabolism, and increases the aetivit}^ of the kidneys 
with free secretion of the urine. 
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Necessity for a Mired Diet . — From what has been said 
it follows that the maintenance of the body in a healthy 
condition depends Tipon a mixed diet, which combines 
all the proximate principles, viz. proteins, fats, carbohy- 
drates, and salts. The proteins are the principal ones, 
as without them no vital action can be carried on ; on the 
other hand, an excess will cause a rapid oxidation of fat. 
Increase of fat and carbohydrates lessens the absorption 
of oxygen. Health cannot be maintained on proteins 
and water alone, but at the same time a person cannot 
be healthy without them. 

Quantity of Food required in Health 

In the selection of diet for a healthy man doing average 
work it is necessary that the food should contain sufficient 
energy with an average 3,500 calorics, and must provide 
for the upkeep and repair of the tissues of the body. 
The amount of food necessary to maintain the body in a 
state of health and activity depends upon a number of 
circumstances, and can be arrived at either by a physio- 
logical or an empirical method. The physiological method 
is based upon estimations of the intake and output of the 
chemical const itutents of the food, and the amount of 
potential energy expended daily in the production of heat 
and muscular work. 

Standard dietaries are dietaries based upon the results 
yielded by the first method, and those which result from 
the second are actual dietaries. It should be noted, 
however, that these standard diets have a very limited 
application ; they are useful in furnishing one with some 
data of the amount and kind of food to be given to a 
healthy person doing a moderate amount of work. This 
is especially important in connection with the management 
of poor houses, schools, jails, and the like. In the cases 
of individuals, howev^cr, certain modifying factors, such 
as age, sex, height, build, work, etc., have to be considered. 

Age and Sei \ — Building material, fuel and muscle food 
are more needed by children than adults, because they 
have got to add to their tissues by growth in addition to 
keeping them in repair. Women require relatively less 
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food than men on account of the lighter nature of their 
work, and also perhaps from their possessing a slower 
metabolism. 

Just as children require a large amount of food so with 
the aged the reverse holds good. At this age the power 
of assimilation is on the wane, and bodily activities on a 
decline, and so the diet should be smaller than that of 
middle age. 

Height mid Build , — The amount of food required 
varies wnth the body weiglit and the extent of the body 
surface. A heavy man requin^s more food than a light 
one. Again, more heat is lost if tlu* body surface is great 
and consequently a larg(‘r supply of fuel is recpiired. 

Work and Rest, - In ordinary life the amount of food 
needed depends more upon the muscular activity than 
on any other factor. It has been showm that a gnaiter 
performance of bodily labour calls for an additional 
supply of proteins and earbi)hyd rates in the food. On 
the other hand, during complete bodily rest, as during 
illness, the demand for potential energy may fall to 
2000 calories or less per day. 

Mental work does not increase bodily w'aste to any 
appreciable extent ; quality and easy digestibility are 
more needed by brain w^orkers than mere quantity. 

Cliniate . — Owing to the greater loss of licat more food 
will be required in cold climates than in temperate ones, 
and more in the temperate climates than in the tro])ics. 
In very hot weather the appetite is lessened and less 
food is taken and consequently there is some loss of w^eight. 
In cold climates and in winter the heat-supplying foods,^ 
especially those rich in fat, should be increased, wdiile 
in the opposite conditions there should be more carbo- 
hydrate and less proteins and fats. 

The Relative Value of Foods 

The relative value of different foods must be considered 
on chemical, physiological, and economic grounds, 

I’he chemical value of food is estimated by the results of 
percentage analyses. But the nutritive value of food 
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cannot be judged from its chemical composition alone. 
While food with a small percentage of nutriment cannot 
be regarded as a valuable article of diet, a high chemical 
value alone does not imply suitability to the needs of 
the body. 

The value of food from a phijsiological standpoint 
depends on the digestibilit 3 r and absorbabilit}^ of food. 
Digestibility of Food. — This dc'pends on two factors : — • 

1 . The food must be in a fit state to be digested. 

2. The physical and chemical conditions in the body 
must be appropriate. 

A mixed diet is easily digested ; fat taken with meat 
hel])s the digestion of the latter. Food accessories like 
condiments, etc,, also help digestion. Palatability of 
food is not simply a gratification of the sense of taste 
and pleasure. An apy)ctising food, or even the idea of it is 
suffieient to make the niouth water, i.e. increases the 
flow of saliva, and at the same time produces in the 
stomach what has been termed by Pawlow ‘‘ appetite 
juice.” IMoreover, the increased production of saliva in 
its turn tends to increase the secretion of gastric juice, 
this again stimulates the duodenal mucous membrane 
and leads to the production of the hormone secretin. 
As the result of experiments on men commoner foods 
are arranged according to the length of time which they 
take to disappear from the stomach.* 

1 to 2 hours 

7 oz. ot water or plain tea, coffee, 7 oz. of boiled milk, 

or cocoa. 7 oz, of beef tea. 

Whites of three eggs, 

2 to 3 hours 

1 pint beer or boiled milk. 5 oz. boiled white fish. 

A large teacupful of coffee with 7 oz. cauliflower or asparagus, 

cream, or cocoa and milk. 5 oz. boiled or mashed potatoes. 

2 raw poached eggs. 2 1 oz. white bread. 

2 oz, biscuits, 

3 to 4 hours 

3 oz, stowed chicken, 5^ oz. rice, apples, or carrots, 

6 ^ oz. any sort of bread or biscuit. 9 oz. boiled beef, 

♦ Green’s Encyclopaedia of Medicine and Surgery, vol. ii. 
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Absorbability of Food. -The absorbability of the food 
in the intestines must be distinguished from digestibility 
in the stomacli. By digestion is meant the production of 
simpler bodies which arc presented for absorption, but the 
actual amount of absorption depends upon certain physi- 
cal factors, e.g. osmosis, diffusion, etc. Therefore a food 
that is easily digested is not necessarily that which is 
completely absorbed, and vice lersa. Carbohydrates 
and fats are more easily absorbed than proteins, and ani- 
mal proteins more readily absorbed than the vegetable 
ones. It should be noted, however, that part of the food 
should remain in the intestines to act as a “ ballast ” to 
stimulate peristalsis. 

The economic consideration of food is of great value. 
A good food is one that contains high nutritive value, 
and is easily digested and absorbed, cheapness not inter- 
fering with its qualities. 

Time for Taking Food. — A diet with all the proximate 
principles may with advantage he taken three times a day. 
It takes about 4 to 5 hours to digest an average Iwropean 
diet, and 7 to S hours an average Indian one. Hut in 
either case this varies with the kind of food taken. 
During youth, when the digestive functions are compara- 
tively active and rapid, the intervals should be shorter 
than during adolescence. Indians as a rule take two 
principal meals, the breakfast in the day, and the dinner 
at night. A morning meal is always necessary, for so 
long a fast after the last meal at night under the modern 
conditions of life is rather exhausting and injurious. 
The body becomes more susceptible to morbid influences, 
especial!}^ to cold, and other infections. There should be 
a sufricient interval between the last meal and bed 
time. Regularity in the time of taking food is important. 
In some cases the desire for food occurs with all the 
regularity of the clock, and if the food is not taken at that 
time the appetite disappears. 

The Fuel-value of Food. — Food material burnt in the 
body produces certain amount of heat which is expressed 
as the calorie, and is the amount of heat required to raise 
1 litre (i.e. 1 kilogram or lb.) of water 1 ®C. It has been 
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shown that the heat value of I grm. of protein and 1 grm. 
of carbohydrate is 4.1 calories each , and I ^jrm. of fat is 
9.3 calorics. Calculating? on this bnsis the heat value of 
a diet consisting of 100 grm. of protein, 100 grm. of fat 
and 500 grm. of carbohydrate would be : — 

100X4.1 + 100X9.3 + 500X4.1 =-410 + 030 +2050=^3,300 
calories. 


Cooking or Food 

We now pass on to consider in what way these different 
articles of food can best be made to yield the full amount 
of the nutrition the 3 ^ are capable of affording. Of the 
various definitions suggested of “ man ” he has been 
called “ a cooking animal,” and man is the only animal that 
uses fire and prepares his food before he eats it. Cooking 
is both an art and a science, and good cooking implies 
knowledge and skill. Cooking answers most valuable 
purposes in eonnection with food. It increases the 
palatability of food and enables it to be more readily 
masticated and easily digested. I^y improving the 
appearance of the food it renders it more appetising. 
A number of vegetable i^roducts that would be too hard 
for digestion are rendered softer, and protein fot)ds are 
made more palatable and digestible. Certain pathogenic 
microbes with which the food may be infected are killed 
by this process. 

Potatoes, roots, green vegetables, etc., are boiled in a 
bath of water, and this involves a great loss, as the bulk 
of the valuable mineral salts are drained away. Foiling 
of all operations of cookery^ is that which calls for the 
most careful judgment, and that method of boiling which 
causes no loss at all is the best, and this result is only 
attainable by cooking in dr\^ steam. 

There arc at the present time many different kinds of 
apparatus for steam cooking, but the parent of them all 
was the cooking pot invented by Captain Warren, and all 
steam cookers are more or less built upon the Warren 
principle. The saving thus effected is proved by the fact 
that a cooked joint of meat with gravy will weigh just the 
same as the raw' joint when put into the cooker. 
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Cooking therefore, is aliUost always an advantage, 
bat there are instances where the reverse is the case. 
Oysters contain a digestive ferment sufficient to digest 
themselves, but when cooked not only is this ferment 
destroyed but the ilesh becomes tougher. 

Diseases connected with Food 

Articles of food wlien exposed to the open air undergo 
all sorts of contaminations, hence it is absolutely necessary 
that foods, whether in the shop or in the house, should be 
kept in suitable receptacles in such a manner as will 
prevent the risk of contamination from dust, flics, and 
other insects. There arc again other diseases like scurvy, 
beri beri, pellagra, ergotism, lathyrisTn, etc., connected 
with the consumption of certain foods, and not due so 
far as is known to anv parasites introduced vith food. 

Apart from the presence of the ordinary poisons^ food 
maybe posionous on eating — (a) naturally, mushroom, 
certain fish ; [b) from the results of tb.e activity of micro- 
organisms with the formation of toxic ])roduc1s, the 
ordinary “ ptomaine poisoning {c) from infection with 
certain organisms, particularly B. enteritidis^ which 
generally induce gastro-enteritis, and />. b(dulinus giving 
rise to a train of sym{)toms known as botulism. This germ 
is anaerobic, and generates tlie toxin by acting only 
upon protein matter, both animal and vegetable. The 
poison is not self-generated, but the result of direct 
inoculation of the food before tinning, canning or 
earthenware jarring. Food may convey foreign poisons 
which may be metallic poisons, or chemicals used as adul- 
terants. Presence of certain specific or parasitic diseases 
such as tuberculosis, trichinosis, etc., may impart the 
disease, when the flesh or milk of such animals is eaten. 
Foods may not be poisonous in themselves but may have 
an injurious effect to persons with weak digestion, thus 
shell fish, eggs, tomatoes, etc., often produce symptoms 
resembling anaphylaxis in sensitised persons. 

i Excess of Food. ~ If too much assimilable material 
is taken, the organs concerned in the metabolic processes 
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have too much work thrown upon them, and if they are 
able to perform the task the blood beeomes sureharijfed 
with oxidisable matter. The overloaded condition of 
plasma acts as an irritant either to the vessel walls or to 
the vasomotor centre, producintif const riet ion of the 
arterioles, and a consequent general rise of blood-pressure. 
The task of excreting the excess is undertaken mainly 
by the kidneys, and the amount of work thrown upory- 
them is out of proportion to the physiological necessities, 
so that sub-oxidation and deficient excretion results 
leading to dvspcjisia, gout and constipation. Fermenta- 
tive and putrefactive processes are set up with the 
generation of offensive gases leading to dyspeptic 
troubles. These may be attended with either constipa- 
tion or diarrhoea. Some of the products of putrefaction 
are absorbed into the system and give rise to symptoms 
of auto-intoxication. If fat or carbohydrate be in excess 
ill the food, they seem to sot up acid dyspepsia with accu- 
mulation of much II at us. Fat is also deposited in the 
tissues and persons suffer from obesity. 

Deficiency of Food. - Deficiency in all the proximate 
principles of diet involves loss of weight, debility, poverty 
of blood, and prostration. Complete deprivation leads 1o 
rapid wasting, dryness of the mucous membrane, impaired 
action of the heart and respiratory s^^stem, low fever, 
restlessness, delirium, coma, and finally death. Young 
subjects bear starvation badly and die very soon. Absence 
of fat leads to a state of malnutrition. Continued starva- 
tion produces the most disastrous effects on the human 
constitution, and the digestive functions become so altered 
and dege aerated from disuse that when a sufficiency of 
nutriment is given the wasted organs cannot utilise it 
and the suflercr dies from inanition. 

Ri(kets,--l\c cent experiments indicate that rickets 
is a deficiency disease in consequence of the absence of 
some accessory food factor or factors. The antirachitic 
substance^for the most part have been found to be similar 
to those in which fat-soluble A vitamin is present. It 
seems probable that rickets is caused by an inadequate 
intake of antirachitic vitamin which is eitliev fat- soluble Ay 
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and intimately connected with growth, or a factor of 
somewhat similar distribution. On the other hand other 
observers see no relation between diet and rickets, and 
ascribe the disease to unfavourable environment, too 
limited air space, and lack of exercise. 

Scurvij.— Considerable amount of work has been done 
of recent years upon scurvy and other deficiency diseases, 
and like beri-beri it is a deficiency disease due to the 
long continued consumption of food lacking in an acces- 
sory food substance or vitamin. The view that it is 
due to tjLinted food is no longer accepted. Vntiscorbutic 
vitamin is obtained in large quantities in oranges, lemons 
and fresh green vegetables, in roots and tubers, and in 
small quantities in fresh milk and meat {see p. 131.). 

Pellagra , — Recent observations point to pellagra 
being the result of deficiency in diet, thus bringing it into 
the same category as other well-known deficiency diseases, 
such as beri-beri and scurvy. It is a disease of mal- 
nutrition caused by a deficiency in the biological value of 
proteins, and may be wdiolly eradicated by proper feeding. 
The probable deficiency is that of some aromatic amino- 
acids possibly trf/ptophane. From observations made 
in the Russian and Roumanian fronts it has been shown 
that where there was pellagra the cliicf article of diet was 
mainly maize or maize flour. It has been asserted that the 
association of pellagra with the consumption of maize is 
not due to the maize, nor to any toxin eontained in it, 
but to the low biological value of maize protein. Some 
however believe it to be due to a maladjustment in the 
elements of the dietar^^ rather than to a lack of some 
special vitamin. The different ways in w'hich a diet 
may be ill-balanccd or maladjusted have been classified 
by McCollum as follows : - 1. An inadequate supply of the 
necessary inorganic constituents. 2. Inadecpiatc amounts 
of protein, or the use of protein of poor quality, i,e. 
not containing all the necessary amino -acids. 3. A lack 
or deficiency in one or both of the accessories, ^t -soluble 
A and water-soluble B. 4. The presence of toxic subs- 
tances in certain food'^. 



CHAPTER VIII 


DIET IN INDIA* 

The consideration of the subject of dietary with special 
reference to India is a very dilRcult problem. A country 
inhabited by people of diflerent nationalities, castes 
and creeds, habits and customs, physical growth and 
development, naturally shows a divergenec in the food 
they eat. Hindus from time immehnorial have got into 
the habit of living purely on a vegetable diet. Although 
there is less pre judice in recent years against taking animal 
food as part of their daily diet, meat is not taken habi- 
tually by the majority of Indians. Pure vegetarians are 
found in many parts of India enjoying the best of health. 
Rut it shoidd be noted that milk, though derived from the 
animal kingdom, is not excluded from tlie diet of even 
the strictest vegetarian Hindu ; eggs, however, are not 
eaten by any of these vegetarians. 

Nutritive Values 

Refore going into details let us analyse the nutritive 
value of vegetable food. Rased on chemical composition 
alone the proteins, carbohydrates, and fats of vegetable 
food are almost equal in nutritive value to the corres- 
ponding substances derived from the animal kingdom. 
Vegetable protein, however, contains a smaller proportion 
of carbon, which circumstance, according to Chittenden, 
makes it inferior in nutritive value to proteins of animal 
nature. On the other hand some (German observers 
have shown that the nitrogen equilibrium suffers no 
impairment if the proteins of meat and milk be replaced 
by a similar (juantity of protein in the form of peas and 
beans. 

• B. N. Ghosh, Journal of the Boyal Insiituie of Public Health, London, 
May 1911. 
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As regards carbohydrates, it is enough to say that 
they are almost entirely derived from the vegetable king- 
dom, and their value as food is beyond any dispute. 
With regard to fat it has been proved by experience and 
exper jjQCLeJits that vegetalde fats are as valuable a means 
oTnourishment as the fats of meat or milk. 

It must not, however, be supposed that simply because 
the chemical constituents of vegetable food are equal in 
nutritive value to the corresponding constituents of animal 
food, vegetable food can replace aninad food or vice versa. 
For instance, a glass of whisky is chemically the same 
whether it is taken raw or diluted, but the effects are 
markedly different, dhe real (piestion to consider is 
that of protein absorption of a vegetarian, for carbo- 
hydrates must of nccessit}^ be derived from a sx'gctable 
source. 


Standard Vegetarian Diet 


Let us now consider soi 
and for this the ordinary jail 
as a type, whieh consists of 
Bice 
Dills 

Vegetables 
Mustard oil 
Condiments 
\ntiscorbutic 
Salts 

The value of this diet i 
follows : — 


le standard vegetarian diet, 
diet of IFmgal may be taken 

26.6.5 oz. or 755.80 grm. 

6.15 oz. or 174.41 grm. 

6.15 oz. or 174.11 grm. 

0.61 07. or 18.1 \ grm, 
0.26 oz. or 7'.S7 grm. 
0.26 oz. or 7.87 grm. 
0,90 oz. or 25.52 grm. 

I proximate principles is as 


Foodstuffs 

Ricc. 

Dal 

V''ogetablc8 

Oil 

Total (in grm ). 

Protein j 

r,\ 03 

31) :V2 

2 30 


03 31 

Carbohydrate I 

, OHO 00 

9 1 72 

0 Of) 


Gl)3 .33 

Fat 

1 « HO 

1.7G 

1 .OS 

17.3.0 

30 40 


The abov^e therefore represents the average composi- 
tion of the diet in use in the Bengal jails, and according 
to the accepted heat e(]uivalents its caloric value is 3508, 
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which is about 1000 calorics hij^hcr than is furnistied by 
Ranke’s diet. lu the above diet the total bulk is so great 
that digestion and nbsorption are interfered with, and 
only a portion of the 1)8 grammes of protein is actually 
utilised by the system , in fact, the real nutritive value 
of the above diet is little more than 60 to 65 grm. But 
the elh^ct of adding wheat-atta, fish, or meat to the above 
diet, diminishing at the same time the amount of rice 
and dal, was much better, with the result that there w^as 
a sudden rise of the protein absorption, the actual protein 
metabolism being largely augmented. 

Thus on a diet consisting of 

Rice . . 18 oz. At)^a . . 4 oz. 

Dal . . 5 oz. Vegetables . . 6 o:^,. 

the average metabolism was 8.50 grm. of nitrogen daily. 
In fact, the protein metabolism was considerably iii’ 
creased with a diminution of about 50 per cent, of nitrogen 
residue in the stools. The reduction of rice from 26 oz. 
to 18 oz. daily helps to bring the carbohydrate element 
and the total caloric value of the diet within the bounds of 
physiological limits, and assists in reducing fermentation 
in the intestines. 

It is believed that Mahomedans, who are used to 
animal diet, are better able to absorb the protein from an 
animal food than are Hindus, who are largely vegetarians. 
As a result of investigations by MeCay* upon Mahomedans 
and Hindus placed exactly on the same diet, identical 
results were obtoined. The diet Avas as follows : — 


Dread 

Mutton 

Fish 

Potatoes 


S oz. 


12 




6 


>) 


4 




The value of this diet in nitrogen is 16.20 grm. McCay 
believes that the degree of nitrogen absorption depends 
more upon the manner in which the protein diet is made 
up than upon the absorptive poAver of the intestinal 
canal. 


• *‘Soioiitiflo Memoirs/* Government of India* No, 37, 1910. 
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Food and Physical Development 

Wo are now in a position to consider the question of the 
relationship of food to physical deve]o])mcnt. From the 
researches made on the metabolism of the Bengalis and on 
their nutrition, it is evident, that the average native of 
Bengal, even the members of the well-to-do classes, exist 
on a metabolism of less than 4 grm. of protein per man 
daily on the ordinary diet of the province.” The opinion 
that the sociological conditions, vigour, and physical 
development of a race are in close relation with the 
amount of assimilable protein, is almost unanimous. 
The progress of a nation will be hampeu’ed if the citizens 
are ill-fed, for upon food depends not only life itself, but 
the power to work and to resist disease. The (]iiality 
and suflicieney of food have therefore a far-reaching 
influence upon tl\e development of the race, an influence 
-which is directly seen m the physical well-being associated 
with an adequal(‘ supjily of suitable food. The result 
of protein star\ ation especially in the early growing period 
of life, when in addition to tlie elements required for 
repair and formation of energy an extra quantity is re- 
quired for growth, is disastrous, for Ihis may result in 
imperfect growth and development, the consequences of 
which may be \ery lasting. With the rice-eating in- 
habitants of Bengal there is a loss of tissue protein with 
an accompanying loss of vigour and strength and a com- 
paratively low capacity for prolonged or sustained 
muscular work. It is therefore of vital importance to 
consider the particular diet that will suit the people of 
Bengal. More assimilable protean, and not excess of 
carbohydrate, is what is needed in the diet. Ihit it 
does not follow that protein from meat alone should be 
given to build up the tissues of the body. Instances 
are not wanting where people show marked physical 
development by living exclusively on rice, atta, dal, 
cream, milk, etc. The people of Bengal living entirely 
on vegetable food, mainly rice and dal, for ages, have 
got quite used to this diet. If we look to the history of 
the human race, we find that man has been guided in the 
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selection of his food by the circumstances and conditions 
with which he has been surrounded. The physical 
orj[^anisation seems capable of the remarkable power of 
adapting itself to such food as may be procurable. Thus, 
in Arctic reifions where no vc<Tetablcs can be had n;an 
lives exclusively on meat and fat ; similarly in India 
where fruits and nutritive vegetables abound, and are 
casilv procured, tliese are consumed very largely. 

There is another side of the question, viz. there 
are degrees of health, and that while health and muscular 
strength can be maintained upon a purely vegetable diet, 
a careful consideration will show that those who live on 
such a di(;t arc lacking in what is called energy. One 
must carefully differentiate energy from strength. The 
former is a property of the nervous system, the latter of 
th? miisele. Carbohydrates derived from vegetable food 
supply the muscles, whereas the brain reqmies nitrogen 
which is obtained from the ])rotcin food only. Energy 
and strength derived from animal and vegetable food are 
very well explained by the following lines of Haughton : 

The huntc'd deer will outrun the leopard in a fair and 
open chase, because the work supplied to its muscles by 
the vegetable food is capable of being given out conti- 
nuously for a long period of time ; but in a sudden rush 
at a near distance, the leopard wdl infallibly overtake the 
deer because the flcsli food stores up in the blood a reserve 
of force capable of being given out instantaneously in the 
form of exceedingly rapid muscular action.” One of the 
objections to living purely on vegetable food is that one 
has to consume a much larger quantity of vegetable than 
of animal food to obtain the necessary amount of nourish- 
ment, for, as has been shown above, a large amount of 
protein would pass out of the body unutilised, and the 
albumin of vegetable substances is often mixed up with 
large quantities of starch enclosed in a network of cellulose 
which is resistant to the action of digestive juices. It 
is generally believed that high protein consumption 
ensures greater resistance to infection, and that epidemics 
are more common amoigst ill-fed vegetarians, but Carter 
of Birmingham found that the incidence of tuberculosis 

10 
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had no relation to the protein of the diet, whereas it was 
clearly related to poor energy value. The real fault 
appears to be on the lack of quantity ; not in quality. 

Pii Ys lo Loc; ic V L Effects 

The physiological effects of the increased bulk of 
vegetabU' food call for some consideration : 

1. The stomach and bowels become^ somewhat dis- 
tended, as evidenced by the disproportionate develojiment 
of the abdomen of herbivorous animals, and also in the 
so-ealled “ potato-belly ” of th(‘ Irish peasants and ilu^ fat 
belly of the Indian vegetarians. But this increase in 
capacity of the abdominal organs, by which the greater 
bulk of a vegetable food is compensated for, is not accom- 
panied by an increased ])ower of digestion and absorption. 

2. The manipulation by the stomach and inti'stines of 
a large bulk of vegetable food necessitates increased 
muscular efforts by these organs, which im])lii\s a large 
expenditure of blood and nervous (mergy, and, consequent- 
ly there is less of these left for other purposes, especially 
for the use of the brain. 

S. The increased amount of water which is an 
important feature of vegetable food, is also a disadvan- 
tage, for this does not h'ssen the intake of water ; on the 
other hand, it renders the tissues more or less llabby 
and dilutes the blood.* 

It may be mentioned that increased vegetable food 
has little influence on those engaged in out -door work 
than one engaged in sedemtary pursuits. Voy a labourer 
requires a large amount of carboliydrate to perform 
muscular work, and the free action of the skin carries off 
the excess of water which such a diet contains. 

Daily Diet 

Admitting, therefore, the value of proteins in the diet, 
and that the animal protein is the most assimilable of all, 
the question which naturally suggests itself is what should 
be the diet of the people of Bengal. Is it possible to live 

♦ Hutchison's Food and Principles of Dietetics. 
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on the same diet as Europeans do in India ? Voit and 
Craemcr pointed out that persons who have for years been 
accustomed to one form of diet absorb its constituents no 
better than those to whom such a regimen is a compara- 
tive novelty. As the result of investigation on Hindus 
and Mahomedans, Met ay corroborates the above state- 
ment. But we find that the testimony of some experi- 
enced medical men is quite different : “ It has often been 
said that Europeans in India should imitate the natives 
in their food, but this opinion is based on a misconcep- 
tion. The use of ages has accustomed the Hindu to the 
custom of taking a large quantity of rice with pulses and 
corn. Put a European on this diet and he could not at 
first digest it. The very bulk would be too much for 
him.”* Again, no less an .authority than Sir Joseph 
Fayrer makes the following observations : “ It is not 
advisable to copy the natives in respect of diet. Neither 
the mode of living nor the qualify nor the quantity of the 
aliment can be changed with impunity. The stomach 
of the Anglo-Indian will no more obtain from the dietary 
of the Hindu all that is n(‘cessary for nutrition than it 
could in oilu^r circumstances from the blubber that delights 
whilst it nourishes the Eskimo.” If the above is true 
for Europeans, the reverse should hold good for Indians. 
Pawlow has shown that the ])ancrcas pours out a secretion 
whose properties vary with the food siipi^lied. If the 
animal is fed on meat the secretion becomes rich in 
trypsin, and if the diet be starchy the proportion of amy- 
lopsin in the juice becomes greater. 

SuPPLEWKNTING TTIE PkOTETN ElEMEXT 
W'c have no\v to consider how" the deficiency of the 
protein element can be supplemented. There are three 
methods by which this can be done : — 

1. By adding a moderate amount of food derived 
from the animal kingdom. In meat and fish we have 
concentrated forms of protein foods and by their use we 
can supplement the nitrogenous element which would 
otherwise be deficient in the diet. This diet is best suited 

• Burnoy Yeo'a Food in Health and DiaeaBe, 
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for Europeans in India. In a suitable mixed dietary the 
proportion of animal food should be less than 25 per cent,, 
and according to Voit it should be 35 per cent. 

2. Some vegetarians supplement the protein of their 
diet by taking milk or eggs. In fact, milk and its pre- 
parations are taken by most of the vegetarians in India. 
A liberal use of milk will no doubt remedy certain 
deficiencies of a vegetable diet, and there can be no 
physiological objection, except the dilTiculty of obtaining 
it pure, when the question of expense has also to be con- 
sidered. This form of diet with the addition of fish may 
with advantage be recommended for the Indian people. 

3. For those who do not even take milk or fish, or 
cannot afford to have them, the only method of increasing 
the total protein is by taking large (piantiti(‘s of such 
foods as are especially rich in nitrogen as atta, pulses, etc. 
For them the diet discussed on page 1 12 is useful. But the 
disadvantages of such a diet, necessitating (‘onsnmj)lion 
of a large bulk of food, have already been alluded to. 

A diet, therefore, that will suit the average Indian 
and at the same time maintain the high standard of 
protein metabolism would be a compromise between the 
European and the orthodox Hindu diet. The following 
diet may be recommended for persons doing medium 
work : — 


Rice 

8 oz. 

Fish 

4 oz 

Atta 

C 

Vegetables . 

• 6 „ 

Ual 

4 „ 

Milk 

• 12 „ 

Butter or Ghee 

3 „ 




The approximate value of this diet in proximate 
principles is as follows : — 



Protein. 

Pat, 

Carbohydrate. 

Rice 

0 4 

0 ()G4 

6 00 

Atta 

(i.OC 

0.12 

4 20 

Hal 

0 88 

0 08 

2 12 

Gheo 

0U3 

2 7 


Fivli 

0 73 

0.12 


Ve^cc tables 

0 36 

u.o^n 

2 i 

Milk 

0 48 

0.44 

0.67 
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The following table shows the comparative value of 
this diet with the standard diet of Moleschott : — 



Moleschott. 

Aiitliot ’s diet 

Protein 


4 .')!) oz 

.3 *>3 o/ 

F,it 


2 'in „ 

3 ,, 

Carbohydinto 


12 20 ,, 

1 0 (e» ,, 


It should be noted that the diet of rice, wheat, 
lentils, etc., used by the majority of Indians is well 
suited to the climate and to their constitution. The 
defect in the orthodox Hindu diet is its poverty of the 
protein clement. The addition of wheat atta to one of 
the two daily meals materially improves the condition. 
During the hottest months many Europeans take meat 
very sparingly. In fact, there is less craving for animal 
food in hot weather, and also a less capacity for digest’ 
ing. it, especially when it is of a fatty nature. 

^ The diet of Europeans in India should also be modified. 
It is not a sound practice to live on a purely European 
diet in India. In a suitable mixed dietary the propor- 
tion of animal food should be less than one in four. If 
this is exceeded, an undue strain is im])osed on the 
eliminatorv organs and the liver. The following are the 
remarks of Professor Simpson on the suhjeet : “ AVhen 
the Aryans first descended into the plains of India they 
wc're ni'^at-caters, but the experience of the centuries 
evidently taught them to be vegetarians, or to be very 
sparing in the amount of meat they eat, and at the same 
time to become total abstainers. This is an experience, 
the lessons of which the Europeans who go to the tropics 
are inclined to ignore. Accustomed to living well in 
their own country, in which large quantities of meat, 
fats, and rich food as well as wines and spirits form an 
important part of their diet they are tempted to continue 
as closely as possible a similar diet in the tropics.” 
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The main points that have been discussed may be 
summarised as follows : — - 

1. Vegetable food is rich in carbohydrate, and with 
some exce})tions, deficient in fat and nitrogenous subs- 
tances. 

2. Vegetables are bulky, due to richness in starch and 
cellulose and to the large amount of water which they 
contain. 

S. Some that arc compact in their raw state become 
bulky on cooking. 

4. They are less easily digested and less completely 
absorbed than animal food, due to bulkiiiess and their 
tendenc}^ to undergo fermentation in the intestines, with 
production of acid bodies which stimulati' peristalsis. 

5. A vegetarian must either live upon a diet poor in 
protein or consume a large bulk. 

6. Meat, fish, egg, milk, chhana, etc., may be used to 
supply the deficiency of the protein element, and for 
h(‘althy persons a modc‘rate use of fish, milk, or meat 
may be of advantage. 

7. Both from a chemical and physiological ])oint of 
view a purely vegetable diet (milk excluded) is apt to be 
deficient in protein clement. 

8. The best results are obtained by suppknuenting part 
of the vegetable food hy vUiimal substanci s rich in protein, 
and this is done by taking eithc'r fish, milk, or any of its 
preparations ; in fact two-thirds of* thc^ total protein may 
safely b? taken in th‘ vegidable form. 
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VEGETABLE FOODS 

Foodstuffs arc naturally divisible into two groups : 
those derived from the vegetable and those from the 
animal kingdom. 

The most prominent feature of vegetable foods is the 
large proportion of earbohydrates which they contain. 
But it must not Vie supposed that vegetable foods arc 
merely carbohydrates ; they contain protein and fat as 
well, and some, especially the pulses, are rich in protein, 
while others, as nuts, are rich in fat. 

Vegetable proteins mainly belong to the class of globu- 
lins, and are dissolved in water with a little sodium 
chloride. Nucleo-])roteins arc less in vegetable substances 
than in tlu* animal tissue. But vegetable proteins are 
comparatively poorer in carbon and richer in nitrogen. 

Both animal and vegetable proteins are n ndered less 
digc‘stible V)y cooking, and while cooking diminishes the 
digestibility of animal foods it increases tlu' digestibility 
of vegetable foods. This is due to the fact that animal 
food contains chiefly proteins, while vegetable food 
contains proteins to a less extent than carbohydrates in 
the form of starch, Avhich as we shall see is rendered 
more easy of digestion by cooking. 

^ Vegetable fat is the most concentrated of all the 
non -nitrogenous materials that are evolved in plants, 
and is one of the most convcnicait forms in which such 
materials can be stored. It reseml)les animal fat in 
composition and is produced by the action of fatty acids 
upon basic glycerol radical. The presence in excess 
of the “ lower ” fatty acids ( olein, linolein ) in the 
substance of some of the vegetable fats gives them a free 
and licpiescent consistency which is known as “ oil ” ; 
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while the presence, to a similar extent, of the “higher”' 
fatty acids {e.^. stearin, palmitin) in that of some other of 
the fats from plants, causes the dense and granular solidity 
which is associated with the usual consistence of fat. 

Vegetable fat is of prime importance in the economy 
of the human race. A necessity of existence in all cold 
countries, fat, in the shape of oil or butter, is largely 
consumed as human food. Excepting olive or such other 
vegetable oils, the majority of fats consumed in them are 
derived from purely animal sources, whereas, with the 
exception perhaps of ghee in India, the greater number of 
oils utilised in the tropics are of purely vegetable origin. 
The vegetable oils are expressed from various seeds and 
arc used either for cooking or in place of butter. The 
oils ehieflv used are derived from the mustard seeds ; 
the ground nut (Aranhis hypogea), coeoanut, soya bean, 
til {Sesatnum indicum), kokam butter or mangostin oil 
{Garcina mangoAana), <‘te. 

The popular ])eli(d‘ that an animal fat alone is a butter 
is erroneous, inasmuch as many true butters are derived 
from plants, and those from the coeoanut arc not only by 
far the most important but are increasing in value day by 
day. 

Carbohydrates of vegetable food exist chiefly in the 
form of starch and sugar. It is in the form of starch that 
carbohydrate is stored up in the plant, and this abounds 
in all plants, particularly in th(‘ seeds of cereals and 
legumes, and in potatoes and other tubers. Starch is 
more appropriately the surplus carbohydrate, and cannot 
be utilised as such by the plant. It is in the form of sugar, 
the soluble carbohydrate, that it circulates in plants. 
When needed by the plant, part of tliis starch is converted 
into sugar by the ferment diastase, and circulates in the 
plant just in the same way that it undergoes changes 
in the body. 

Starch is not soluble in water, and thus is rendered 
possible its storage in the plant ; moreover starch is a 
more concentrated form of carbohydrate than sugar. 

With boiling water the starch grains swell and burst 
and form a gelatinous solution. By the process of cooking. 
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these starch granules arc broken up to he more easily 
acted upon by the digestive juices. Just as proteins, the 
nutritive constituents of meat, are enclosed in minute 
tubes of connective tissues, so also starch, the chief 
ingredient of vegetable food, is enclosed in a network 
of cellulose. Cellulose is a carbohydrate but is resistant 
to the action of digestive juices. \Mien old it becomes 
woody. It is obvious, therefore, that it must present 
a great obstacle to the penetration of the digestive juices. 

The common forms of vegetable food may be divided 
into: (1) Cereals, (2) Pulses, (V,) Roots and Tubers, (4) 
Green Vcf^'ctablcs, and (5) Fruits and Nuts. 

I. CEREALS 

Cereals belong to the tribe of grasses, and the use of the 
seeds is \vidcly spread over nil parts of the globe, as a 
valuable article ol food. Of these wheat is mainly used 
in Europe, mai/.e in \merica, and rice, mai/.c and millet 
in India. These seeds not only contain a large (|uantity 
of nutritive material condensed in a small bulk, but also 
a considerable proportion of mineral substances, the most 
important being the ]:>hosohates of calcium, magnesium, 
potash, etc., with a small amount of iron and silica. 
Tlie difrerent nutritive ingredients — protein, carbohy- 
drate,* and fat -are re]>rescnted in cereals although 
they are rich in nitrogenous substances, starch, and 
cellulose, and poor in fat. 

Idle se(‘ds are usually ground into meal when utilised 
as food. This jiroeess, besides reducing the bard seeds 
into powder, removes the outer indigestible coat which 
is eom])osed of woody cellulose. 

It should W noted that maize is relatively rich in fat 
and slightly deficient in salts ; rice is very rich in starch 
but poor in nitrogenous substances, fat, and mineral 
matter ; oats, on the other band, are especially rich in fat 
and prolcin, and rank as the most nutritive cif all cereals. 
Millets are inferior to wheat in the proportion of proteins, 
but superior to it in fat. Rut the preponderance o 
carbohydrate in all cereals precludes these being used 



154 


HYGIENE AND PUBLIC HEALTH 


alone ; in feet, they slioiilrl be eaten with other foods 
rich in fat and protein. As a rule they are very easily 
absorbcfl and are not only compact but ])Ossess hi^h 
nutritive value, wliich places them in the front rank of 
all human foods. 

The composition of some of the common forms of 
cereals is shown in the following tabk' : — 



(iloss 

Av’ailablc 

Avl, 

C.ii ho- 

Mineral 

Calorie per 


protein. 

])i oteiii. 

F.it 

Hydi.ite 

mattei. 

ounce. 

Oatmeal 

If) 0 

12.0 

7 b 

G1 

2 0 

lOS 

H ulov 

in 0 

8 0 

2.2 

(*>11 

2 4 

07 

Millets 

S 2 

(> (> J 

; 1 2 

t5S 


'»K 

Mai/e 

8 4 

() 7 

4 7 

72 

1 ^ 

101 

II IOC 

7 7 

t» :> 

0 1 

7»*, 

0 } 1 

iH 

Wheat 

0 

0 

1 7 

67.'* 

1 2 

1)8 

1 


WHr.\T 

This is the most important of all the farinaceous 
seeds, and is extensna^ly used all overtime world. If a 
grain ol wheat be cut and examined under the microscope 
the following may be distinguished 

I. The germ or embyro forming about J? per cent, 
of the entiiv‘ grain. 

*2. Tlv^ k(‘rncl or endosjierm - forming about So per 
cent, of the grain, and consisting of two large masses of 
nutritive material. 

.3. d’he bran or the outer covering ; this is of darker 
colour than the interior, and eom])OS(‘d mainly of c(‘lIulos(' 
and mineral matters, forming about 13.5 ])ei cent, of the 
grain. 

A grain of wheat, free from the husk, wdien ground 
between millstones and shifted is separalile into hran and 
jl(Mr» Flour is divided into three portions • Sooji is 
the coarse grain dewived from the ouler coat of wheat 
and is the most nourishing ; atla is the next lav(‘r of liner 
grain ; and the line white flour or tnaida is produced from 
innermost layer. Bran, liowever, is not devoid of miiri- 
ment, and the exclusion of it from the Hour means some 
loss of mineral matters and some proteins from the 
a leu rone cells. 
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Flour njxcd up witli water forras a tenacious mass 
commonly known as dou^h^ from which macaroni, vermi- 
celli, etc., arc prepared. If on the other hand this dough 
be rubbed and wa&la^d with water on a fine sieve or mu'^lin, 
there remiains ultimately a white, sticky mass behind, 
and the washed fluid contains starch, which on being 
allowed to r(‘st falls to the bottom. The sticky mass is 
called ‘‘ gluten ” and is the chief nitrogenous element of 
flour. The presence of gluten in wd^eat helps in the 
formation of bread, as it has sullicient coherence to 
remain spongy. 

Flours ar(‘ of different qualities according to their 
coarseness, the coarsest kind being known as pollard or 
bran flour. Wheat atta used for the ])reparation of 
different articles of food should ahvays Ix' fresh. Good 
flour should be white in colour without any smell or odour, 
silky to touch and not gritty. Fine white flour as pre- 
pared in mills is apt to cause constipation, and is of less 
nutritive value, and contains less mineral salts. Flour 
shouhi be stored in godownis with high impervious floors. 

It has often been said that whole-meal ” with all the 
constitucuits of the gram is more nutritiv^e , but it should 
be noted that the bran-cells are hard and indigestible, and 
often irritate the intestinal canal. It is. however, of great 
valiK^' to ])eople suffering from chronic constipation. In 
fact, with the exclusion of bran in liiu‘ white Hour, about 
15 ]3er cent, of nitrogenous suVistanees, per cent, of fat, 
and 5.7 per cent of salts are lost. A deeoitieated wiiole 
wheat meal ” is now' jire pared wiier(‘ the outer or more 
indigestible lavers of bran an' sejiarated from the highly 
niitiitixe inner tunic. 

Preparations fkom Wheat xVtta ano Fi.oiir 

Bread. “This is tlie chief product of w heat atta, and is 
made by converting flour into a firm and porous subs- 
tance, ready for easy mastication, and w^hile containing 
some water, is not moist or sticky. 

Bread is prejian'd by first forming a dough and then 
imparting tlx' necessary property of porosity, which is 
essential for easy digestion, either by generating within 
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its substance or by forming from without, carbonic acid 
gas. Generation of gas within the dough is effected by 
either of the following methods producing different varie- 
ties of bread. 

(a) Fermented Bread , — When yeast is added to the 
dough fermentation ensues, CO 2 gas is generated and is 
entangled by the tenacious material which swells up into 
a spongy mass rcnd(‘ring it porous and light. If at this 
stage it IS placed in an oven and baked, fermentation 
becomes arrested and tlie whole mass hardens up into a 
light and spongy subsianee commonly known as bread. 
The ferment generally used is yeast. When leaven is 
used tlu‘ bread is known as leavened bread. Leaven is a 
portion of dough put aside from a previous baking in which 
fermentative action has reached an advanced stage of 
activity. 

(b) U nfermented Bread. -Under this head is included 
such bread as is vesicu kited by the use of baking powders 
for the evolution of CO 2 gas. j\Iany forms of powders 
are in the market, but they all dejiend on the action of 
some alkaline carbonate, either soda or ammonia, with 
an acid as hydrochloric, tartaric, or citric. Although it 
serves the purpose very well, it appears that the less 
chemicals used for culinary purposes, the better. 

(c) Aerated Bread. When instead of being 

generated by fermentation within tlie dough is separately 
prepared and incor])orat('d with flour and water, aerated 
bread is produced. The advantages claimed for this 
method ari' : 

(a) It does away with fermentation and other chemical 
changes resulting therefrom. 

(/;) Its results are certain and uniform. 

(e) It does away with the use of alum. 

{d) It is absolutely clean and sanitary, as it requires 
no handling. 

{e) The bread is said to keep sweet and good for a 
longer time than fermented bread. 

A good bread contains about two- thirds of its volume 
of gas, and of the solid part about 45 per cent, consists 
of water. 



VEGETABLE FOODS 


157 


It is said that baking increases the digestibility of 
bread, the nitrogenous constituents are changed, and the 
starch granules are ruptured. Well -baked bread should 
have a yellowish brown crust, should be unifoiin in 
texture, and be })ermeatcd by minute cavities, but without 
eyes or large air-cells. The colour of the crumb, except 
in whole-meal bread, should be white and the bread 
should be free from acidity and sourness. With some 
stomachs even the best fermented bread disagrees, and for 
them the aerated bread may be recommended. 

Newly made bread is soft and tenacious, stale bread 
crumbles readily into separate particles. Being more 
palatable and sweet, new bnuxd, however, is generally 
preferr(‘d to stale ones ; but it is less digestible, as it gets 
clogged together during mastication, and when swallowed 
reaches the stomach in non-porous lumps, and consc- 
questly is not so easily acted upon by the saliva and the 
gastric juices. This is obviated by toasting, which renders 
the bread more frialde and allovs it to be more readily 
acted upon by the digestive juices. Toasts should be thin 
and cris]) and eaten soon after they are made. Weight 
for weight, bread is one of the most nutritious of all our 
foods, and the fact that it is always eaten with butter, 
makes up for the deficiency of fat. 

Certain substances are often used as adulterants in the 
preparation of bread, the chief being alum. It is used to 
make the bread look whiter, but it also helps in the 
formation of a good dough when the flour used is either 
old or produced from badly ripened grain. The presence 
of alum is detected by adding to the crumb a mixture of 
logwood and ammonia carbonate solution when a violet 
or blue tint is produced. But this test is unreliable when 
the bread is sour. 

Chappaties. — These arc non-aerated hand-made un- 
leavened breads prepared by first making the dough 
and then spreading it over a smooth surface. They are 
of a circular shape and of thickness varying from that of 
a thick paper up to one-sixth of an inch. Chappaties are 
fried dry on a frying pan and then baked over fire. Pre- 
pared from good flour they are light and white, and when 
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properly baked they are blown out with air in the centre. 
During tliis process the starcli granules swell and are made 
ready for easy digestion. Chap])aties should always be 
eaten fresh and rejected when more than onc‘ day old, 
as they usually bc^come hard and diflicult to digest. As 
a rule the 3^ an' eaten smeared with ghe(', thus making up 
for the deliciency in fat. Chappaties contain 0.7 p.c. 
gross protein ; 5.0 p.c, available ]>rotcin ; 1.0 p.c. available 
fat ; 47.5 p.c. available' carbohydrate ; 1.2 p.c. mineral 
matter ; and yield for evc'ry ounce 04 calorics. As com- 
pared to this bread \delds gross protein 7.5 ; available 
prot('in 0.0 ; available fat 0.7 ; available carbohydrate 
50.0 ; mineral matter 1.0. 

From Sooji is pr('})ared Ilalorca by cooking it with 
ghee, sugar, and wate'r. It is highl}" nutritious, but 
not so easy of digc'stion, and often gives rise to 
acidit3\ 


Bice 

This is most wideh- cultivated in the East and forms 
the staple food of the Indians. In realitv it is paddy 
deprived of the husk. Difh'rent varii'ties of rice are to be 
had in the market, but the ])rincipal ones are Burma and 
Countr}^ rice. Rangoon rice, or the so-called “ white 
is prepared from the unhusked paddy which is 
milled by machinery, and the husk with the pericarp and 
the outer layer of the grains an* subsequently removed, 
and cons(‘(piently it is smaller in size than Country rice. 

Country rice, on the other hand, is prepared by soaking 
the paddy in water for 30 to U) hours, and then transfer- 
ring it into covi'red jars or cylinders, where it is steamed 
for 5 to 10 minutes. It is finally removed and dried in 
the sun. This “ parboiled ” rice is then roughly husked, 
but a large amount of pericarp is still retained. It 
will be seen that in the preparation of Rangoon rice 
the grains are deprived to some extent of their outer 
layers, and consequently lose a certain amount of the 
important food accessory the antineuritic vitarnin. Country 
rice, however, retains these outer layers, and, therefore. 
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the vitamm. Parboiling renders the rice grains tough, 
but portions of the pericarp still remain even after 
husking. • 


Composition of Rice.* 
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Of all the cereals rice is poorest in protein, fat, and 
mineral matters. Its chief constituent is starch, and 
this exists in an extremely digestible form. About 2-J oz. 
cooked by boiling require .‘ll hours for disposal by" the 
stomach. Hut it should be noted that it is not the func- 
tion of the stomach to digest carbohydrate. It only 
perforins the meelianical part and prepares it and sends 
it on to the intestines for iinal disposal. In the intestines 
rice is very completely absorbed. Being insipid and only 
rich in sta.rch, rice is as a rule eaten with condiments and 
other foods rich in nitrogenous substances, as jmlses, 
fish, ghee, etc., to supply the deficiency in protein and fat. 

Good rice should be entire, clean, and well-husked, 
and non-fermenting. It should not be mixed with any 
gravel or earth. It should preferably belong to the last 
harvest but one before, as new rice is ayit to cause indiges- 
tion and diarrhoea. Rice which has been sown on 
swampy grounds and which has not been transplan- 
ted, and which comes to maturity at the close of the 
rainy season, frequently gives rise to gastro-intestinal 
troubles. 

Rice should be stored in dry and well -ventilated rooms 
having impervious floors. When kept in hot and damp 
places, it ferments and becomes mouldy with produc- 
tion of toxins. Rice can be preserved by occasional 


• After Greig, Fraser and Stanton. 
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exposure to tlie sun and by mixing lime with it. Active 
fermentation may be detected by putting the hand 
inside the bag of rice, when it will feel warm. 

Rice under kept boils thick in the grain and is so 
gummy that the grains stick together, but when of good 
quality and condition the grains elongate remarkably by 
boiling ; they do not stick together, and they have a 
pleasant mealiness in the mouth. 

Rice is not infrequently tampered with by traders, 
and old and new rice, or rice of different qualities are 
often mixed together, and chalk powder and lime usually 
added to give it an uniform appearance. 

Cooking of Rice , — Rice should be thoroughly washed 
in cold water before being cooked. Boiling is the common 
method of cooking, when the rice grains swell and become 
soft. These are then strained and the water thrown away. 
By the process of boiling, some of the prolcius and mineral 
salts arc lost. The more economical method of cooking 
rice is by steaming, as then the protein and salts are not 
dissolved out. 

Partly boiled paddy keeps liettcr and is probably 
more wholesome though less white in colour than ordinary 
raw table rice. New rice can be cooked in about half 
an hour while old rice takes almost douVjlc the time 
and keeps good for more than twenty-four hours after 
cooking.* 

Khichri . — In this process rice and dal are boiled 
together to a thick consistency with the addition of ghee 
and condiments. In the preparation of khiehri the water 
is not rejected. This is not only highly nutritious but 
palataVilc and appetising. 

Barley. — This is very nutritious and is characterised 
by its richness in mineral matter. It is rich in nitrogen- 
ous matter, which exists in the form of casein and albumin, 
but the amount of gluten present is very small, and 
consequently barley meal is not so well suited for making 
bread. 

The grains deprived of husk form Scotch or Pot Barley, 
but when all the integuments arc removed and the grains 

• McNally. 
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are rounded and polished, they form Pearl Barley, and 
when ground to powder they are sold as so-called Patent 
Barley, It is chiefly in the form of pearl or patent barley 
that it is used as human food. 

Malt is barley in an incipient stage of germination. 

Maize or Indian Corn (Makkai), — This ground to 
powder forms part of the diet in some parts of India and 
in certain Indian jails. It contains, according to McCay, 
9.55 per cent, of protein, 66.20 per cent, of carbohydrate, 
2.30 per cent, of fat, and 11.50 per cent, of water. It is 
deficient in gluten and does not form bread, but like 
oatmeal, when mixed with milk, eggs, and otlier flours, 
forms wholesome and nutritious puddings and cakes. 
As it contains a large amount of fatty or oily matter it is 
used for fattening animals. Maize protein, owing to its 
low biological value is said to produce pellagra. 

Corn Flour is maize flour that has been deprived of its 
peculiar flavour by a weak solution of soda. It was 
formerly believed that makkai is less digestible than 
wheat atta, but recent investigations liave proved that 
proteins oi makkai atta are, under the same conditions, as 
well assimilated as those of wheat atta. 90 per cent, 
of its dry matter arc absorbed as against 82 per cent, 
of wheat. 

Oats. — These form a highly nutritious food, and though 
rich in nitrogenous principle they are not considered 
equal in nutritive value to wheat flour. Oats are deficient 
in gluten and, therefore, cannot be vcsiculated and made 
into light bread. They are not so easily digested by those 
unaccustomed to tlieir use. In the form of porridge, 
oatmeal is very widely used, and makes a nutritious and 
agreeable beverage in the form of gruel. With some, 
oatmeal gives rise to a certain amount of heating effect, 
which is said to be due not so much to the presence of 
nitrogenous substances as to a special substance to which 
the name “ avenin ” is given. Th’s is not well suited to 
persons with a gouty diathesis as it increases the forma- 
tion of uric acid. 


11 
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II. PULSES 

Pulses bcloii" mostly to the Icij^uminous order, and are 
richer in nitroiifenous suhstanees than any other \x‘gctable 
food. This they owe to the presence of xecfetable prolein, 
eommonly called legumm or vx^^etable casein. Pulses are 
used in India chiefly in the form of dais, of which tluu’e are 
many varudu's, vi/. tnooitify inattar, arhar, (de. Owing to 
their richiu'ss in protchn ])ulses an; sometinKs called 
“ Poor man’s b(‘(d* ” ; indi'cd l‘or tlie large ])ro])orlion of 
protein they contain ]mls(‘s are uscal in conjumdion with 
other foodstuffs rich m starch as rice. Tlu‘ nitrogenous 
ratio in the case* of the ]mlses varies from ] to 2 or 4. 
Pulses also contain salts of potash, lime, and sul[)hur. As 
compared with c(‘r(‘als, th{‘s(‘ are less (aisily diaestcal, 
and arc apt to products a f(*elmg of h('a\inc‘ss, and not 
infrequently give ris(‘ to much llatiis. (hrlcai said ‘‘ they 
are harder to digc'st and give risi‘ to bad dreams.” 

In the dri(‘d condition pulses have* no antiscorbutic 
properties. If however the dried sei'ds are soakial in 
water and are allowed to g(‘rminate for a day or two 
they devidop tha aniiscorbutie vitamin. They are rich 
in vitamins which prcwcnit beri-bm-i. Most of these 
are taken cooked, and the green ones may be eaten 
raw. Lentils contain a large amount of nitrogenous 
substances and are rich in iron and phos):>hatt‘ oi* limc^, 
and have the advantage over peas in not eoniamiiig 
sulphur, and thus not giving rise to the objiadionablc 
hydrogen sul]>hide in the intestiiu's. Kliesari dal 
(LatJiijrus satlias) gives rise to a tram of symptoms Avhen 
eaten for a long timig known as Lathijiiasis, The symp- 
toms are spa,stic paralysis of the lower limbs and muscles 
of the thigh with increased knee jerks. This is ])robably 
due to the production of certain ]>oisonous amines in fhe 
dal. The disease is very common amongst the poor, who 
live chiefly on powdcTcd khesari dal. 

Pulses should be well washed and husked before 
cooking. In the absence of animal food, they are usually 
taken with rice, and being poor in fat they may with 
advantage be used with other fatty foods, ^.g., bacon 
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and peas, either boiled, or cooked with c?hce or oil. They 
are rich in piirin bodies, and should therefore be avoided 
by persons with a ^outy diathesis. 

The composition of common forms of pulst s is ^iven 
below 
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When us(‘d as a source of antiscorbutic vitamin, the 
})ulses should ])e entire and iioh husked or slit, otherwise 
they will die and germination will not take ])]aee. The 
peas or lentils should first be soaked in water for 2 t liours, 
these absorb 100 p.c. of water and the process of cfermina- 
tiou commences, wlien the anti-scorbutic vitamin bcfrins 
to appear. If however the ifernii nation is contininal for 
21 to IS hours the amount of vitamin is considerably 
increased. This is done by j^ourini^ off the excess of water 
and allowinix the sc'cds to remain damp with access of air. 
These .i,^crmiiialed pulses may then be cooked. Boiling 
should not be prolonged b('yond the time required for 
rendering them soft and palatable having regard to 
sensitiveness to high temperature of the anti -scorbutic 
vitamin. 


III. ROOTS AND TUBERS 

These may be regaixhal as reserves of nourishment for 
the use of the plant itself, chiefly in the form of starch ; 
protein and fat being practically absent. Tubers arc 
largely used as food, but are much inferior to either cereals 
or pulses in nutritive value, containing as they do a rela- 
tively large amount of starch and very little protein. Of 
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the small amount of nitrogenous material a large propor- 
tion is in the form of amido bodies which have little or no 
nutritive value. These are, therefore, not suited to form 
the main part of any diet. Root tubers contain mineral 
matters, chiefly salts of potash, which give them a 
greater value as an article of diet than they would other- 
wise be entitled to possess. 

Digestibility of root tubers depends largely u])on the 
amount of cellulose, but. as a rule, they are very in- 
differently absorbed and are prone to derange the stomach 
and intestines, if consumed in large quantities. 

Composition of some of the common forms of roots 
and tubers : — 
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Potatoes 

The potato is universally used as a wholesome, pala- 
table, and popular article of food of much nutritive value. 
Opinions are at variance as to how far by itself the potato 
is capable of sustaining life and vigour for any length 
of time. On the other hand, potatoes supplemented by a 
small amount of some other food containing nitrogenous 
material, such as milk or fish, supply to a large number 
of people a diet containing all that is necessary to main- 
tain health and strength. 

The potato is a valuable antiscorbutic, chiefly due to 
the presence of antiscorbutic vitamin. Valuable and 
wholesome as the potato is, it is nevertheless unsnited for 
weak stomachs. In fact, this is one of the most common 
articles of food which the physician has to withhold from 
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his patients, and this is chielly due to the large amount 
of starch that it contains. The digestibility of potatoes 
depends also on the form in which they are eaten. 

During boiling the albuminous juices are coagulated, 
and the starch granules absorbing water swell up, and the 
cells in which they are contained break down, with the 
effect that the potato assumes a mealy or floury app ?ar- 
ancc. When mealy, the potato is easily digested, and 
new potatoes being less mealy are not so easily digested. 
Dry heat, as by baking, converts the starch into a soluble 
form and finally into dextrose. 

Steaming is better than boiling, but the skin should not 
in either case be previously removed. The antiscorbutic 
vitamin is destroyed by prolonged heating. Potatoes 
boiled in their jackets arc digested one hour earlier than 
when boiled without the skin ; and most nutr tion is 
obtained when thus boiled. About 46 p.c. of total 
nitrogen is lost when potatoes are first peeled and then 
boiled. 

Sweet Potato. — It may be used in place of the ordinary 
potato. It is rich in starch (16 per cent.) and sugar (10 per 
cent.). When boiled it becomes very soft and forms a 
wholesome and useful food. 

Arrowroot. — -This is a preparation from the tuber of 
Maranta arundlnacea, containing about 88 per cent, of 
pure starch. It forms a pure and simple starchy 
food of a bland unirritating character, valuable for 
invalids. 

Sago and Tapioca. — Sago is obtained from the pith of 
Sagus feriniferus. The starch grains are large, irregular, 
with ill-defined concentric lines. Tapioca is also pure 
starch obtained from the tubers of Manihot uWissima, 

Sago, arrowroot and tapioca are all agreeable and 
easily digestible forms of pure starchy food, used chiefly 
for invalid cookery. They are also used in the prepara- 
tion of pudding, etc. Alone they have a very limited 
nutritive value, but may with advantage be added to 
either milk or soup, which are rich in proteins. They 
rank amongst the most completely absorbable of all 
foods. 
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Carrots, beetroot, radish, etc., are all roots of a succulent 
character, and are used as fresh vegetables. Beetroot is 
used mostly in salads and is often boiled. 

Examination of Starch hs 

Place a drop of water on a clean glass slide and add a 
portion of the starch ])owder and mix. Put on a cover 
glass and examine under the microscope for - (1) sha])c, 
(2) size, and (3) presence or absence of hdum and stria- 
tions. 

The starch granides of potato and arrowroot are large 
and oval with well-marked eonecaitric rings or stri:e and a 
distinct hilum, which in potatoes is at the smalk'r end. 

The outline of the starch granules of sago and tapioca 
is semi-faccted with a hilum and ill-dehned rings. 

IV. GREEN VEGETABLl^.S 

These have a very low nutritive value, and are used not 
so much for their nutritive principles as on account of the 
important alkalin(‘ salts which they contain. Most ol' the 
salts are eliminated as cjirbonate and may with advantage 
be used by f)resons with a tendency to gravel. Some give 
an agreeable flavour to the food and help digestion, and 
are useful as condiments. Fresh, green vegetables are 
rich in antiscorbutic vitamin. Cabbage and onion are 
about equally useful for th(‘ prevention of scurvy : 
while desiccated vegetables are almost useless for the 
prevention of experimental scurvy even when they are 
dried at low temperature (30^ to 37*^0. ). 

s The y form an agreeable diversity of our food and give 
relish to otlier foods. Green vegetables consist of leaves, 
buds, young shoots, leaf stalks, and often th(‘ entire plant. 
These contain a large amount of water (about 00 per cent.), 
and the nitrogenous material is very small (from 1 to 4 per 
cent.) and of this again about half only consists of pndein. 
The deficiency of fat is often made up by cooking them in 
oil or ghee, and thus prepared they act as valuable vehicles 
for carrying fat into the system. Green vegetables are rich 
in cellulose which offers a resistance to the action of 
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di^^estive juices, but the indigestible residue in the intes- 
tines acts as a “ ballast ” and stimulates the intestinal 
action ; eonstMjuently they are of great value in eases of 
chronic constipation. Vegetables should have tlie stalks 
and midribs removed before being prepared for food, and 
tlie cooking should be tlioroughly performed to separate 
the libres. It should be not cal that the real nutritive 
valu(‘ of fn'sli veg(dables, which is very low becomes still 
less by cooking, and a large part of the remnant which 
reaches the intestines escapes absorption. 

The following is a list of some of the commonly used 
vegetables ; 
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From the abovc‘ it is evident that most of the vegetables 
contain a very small proporlioii of carbohydrate, and so 
they may be used in cases of diabetes, espe(*ially as carriers 
of fat. Asparagus has a diuretic effect, and imparts a 
peculiar odour to the urine due to a volatik' sulphur 
compound produeial from it m the intestine (Hutchison). 
Onions, garlic, and many of the lily tribe are used chiefly 
as condiments for (lavouring food. Thi‘ volatile oil 
present is excreted with the various excretions, and 
imparts its characteristic odour to the breath, urine, etc. 

Cauliflower is more easily digested than an\ oth(‘r form 
of vegetable and may be used for dyspeyities. Cucundier 
is very indigestible, but its agreeable flavour and cooling 
properties have given it a great popularity. When 
young it is often eaten raw with salt, or as salad with 
vinegar, lemon juiee, salt and pepper. 
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V. FRUITS AND NUTS 

From the nutritive point of view, fruits are divided by 
Hutchison into ‘‘ Food Fruits ” and “ Flavour Fruits.” 
The latter are used chiefly for the sake of sweetness and 
flavour. lake fresh ve^^e tables fruits are of use by reason 
of the important mineral salts they contain, which exist 
chiefly in the form of salts of potash eombined with 
vegetable acids. The nutritive value of fruits depends on 
the presence of carbohydrate, which exists in the form of 
sugar, and is commonly known as letidose or fruit sugar. 

The difference in all fruits as regards the digestibility 
depends on the nature of the fruit and the degn'e of ripe- 
ness. Certain chemical changes take place during the 
process of ripening. As the process Ix'gins, ihc fruits 
cease to grow, absorb carbon and give off oxygen, acids 
and astringent substances become less, and the starch is 
converted into sugar. Excess of acids ])r(‘sent in the 
unripe condition often irritate the bowels, and may set up 
diarrhaa and colic. 

Fruits which afford the most nutriment arc the banana, 
date, fig, grape, mango, etc. This is due to the large 
proportion of sugar which they contain. The antiscor- 
butic jiroperty is poss(‘SS(al by certain fruits which are 
rich in potash salts, lime and magnesia, e.ff, a])ples, 
lemons and oranges. Fruit (aiting lessens the acidity of 
the urine or even may render it alkaline, owing to de- 
composition of various alkaline salts in th(‘ blood or 
tissues which are converted into alkaline carbonat(‘S and 
excreted as such. 

Grapes arc of great value and their use is directed 
to various purposes. The juice of the ripe grapes 
contains grape sugar, bitartrate of potash, tartrate of 
lime, malic acid and water but the amount varies with 
different varieties. Grapes are largely used as food, 
and arc among the most agreeable, wholesome, and 
nutritious of all fruits. Being refreshing and cooling 
they may be taken by invalids, but the skins and the 
seeds should always be thrown away, for they are apt to 
set up irritation of the bowels. 
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Dried grapes are called raisins, and contain more sugar 
and less acid and are less digestible. With milk they are 
often taken as gentle laxatives. 

The plantain or banana belongs to the class of food 
fruits. These are most extensively cultivated in India. 
The fruits grow in clusters, and each cluster often contains 
about two hundred fruits and may weigh from 10 to 60 lbs. 

Plantains are largely eaten in India both when green 
and ripe. The ripe ])lantain forms an agreeable and 
deIi(‘ious fruit, and is often used as dessert. The skin 
is rather thick and may easily be stri]ipcd oft when ripe, 
and the cdi})lc portion is soft and s]3ongy, rich in 
saccharine and nutritive matter. It contains a relatively 
liigh percentage of nitrogen, nearly 5 parts per hundred 
of the entire fruit, or one-fifth of the total solids. In 
the unripe state, when cooked, it is used as a nutritive 
article of food with other vegetables. Dried and ground 
to powder it constitutes what is called pla)ttai)i meal or 
banana flour. This is used as a nutritive food especially 
suited for invalids. It contains proteins I.O per cent., 
fat 0.5 per cent., carbohydrate 80.0 per cent., mineral 
mattc^r 2.5 per cent., and water 18. n per cent. The finest 
banana flour, called ‘‘ hananosef^ at tlie end of one and a 
half hour of ])ancreatic digestion develops tuiee as much 
sugar as the same quantity of oatmeal. Made into a thin 
gruel with water or milk it constitutes a highly nutritious 
artiele of diet. 

“ Bael,” either fresh or in the form of sherbet, preser- 
ves or dietetic bad powder, is very useful in dysentery, 
and forms a cooling and agreeable drink in hot weather. 
It also aets as a mild laxative 

The mango is one of the most highly prized of all 
fruits. It is palatable and nutritive. When unripe, it is 
used to make pickles, tarts and preserves, and sweetened 
with sugar it is made into “ chutney.” Wdicn ripe it is 
wholesome and agreeable, and is extensively used in India. 
Mangoes cause looseness of the bowels and should not be 
eaten when there is diarrhoea. Dried mango slices are 
known by the name of Arnchur, and are said to be of 
use in scurvy. 
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Oranges are an cxeeedingly useful article of diet especi- 
ally for invalids. The fresh juice allays thirst, and is well 
borne in cases with much gastric irritation. Orange juice 
is a mild laxative for infants, and is the best remedy for 
infantile scurvy. 

Pineapples are very common in India. They are very 
wholesome, and the juice of ri])e fruits contains a ferment 
capable of digesting proteins. Thrt'c ounces of I lie juice 
will dissolve 10 to 15 grs. of driial albumin in four hours. 

In addition to the aliove, melons, cucumbers, apnles, 
apricots, etc., arc all used and form delicate fruits for the 
table. 

Nuts differ from the above fruits in that they possess 
higher nutritive value, but are not so easily digest(*d, 
not that they are rich in fat but that they contain much 
cellulose. In fact the real nutritive value of nuts is so 
great that they can very w(‘ll replace meat. 

Cocoanuts, walnuts, almonds, etc., ar(‘ very widely 
eaten in India. Nuts contain l(‘ss carbohydrate', and 
are better suitf'd for diabetics. Cocoanut wa^le r is cool- 
ing and refrigerant, and is a very useful drink during 
fatigue and thirst. The milk obtained from the ripe 
kernel by scra]:)ing and c‘X])ression is rich in fat and 
protean. The kernel is a valuable food and is utilised in 
the preparation of different kinds of Inelian delicacies. 
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Fruits are lavatives and valuable antiscorbutics due 
to the presence of antiscorbutic vitamin. Oranges, grapes, 
lemons, papaya, etc., arc valuable in this respect. Papaya , 
also helps the digestion of proteins, for which purpose 
green papaya is often used. 
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Fresh fruit juices appear to be amons^ the most valu- 
able of the antiscorbutic materials. When they are 
preserved their value as such is doubtful. Thus it was 
found that lime juice issued in Mesopotamia up to the end 
of 1916 had no antiscorbutic value, which arrived there 
after a Ion." journey overseas and was probably over six 
months or more old when issued. It appears that the 
antiscorbutic vitamin "radually disappears on keepin". 

The preservation of fruits is often resorted to and this 
is done by means of syrups, and keepini^ them in her- 
metically sealed cans. 


Sugar 

Su."ar is obtained from the su^ar-cane, ])cetroot, 
maple tree, date palm, etc. It contains about 94 per cent, 
of saccharose and about 2 per cent, of water. Good suefar 
should be of wliitc colour, crystalline, not moist to the 
touch and soluble ir> water. Un})urified suoars coritain 
nitrogenous matters which on decomposition ferment. 
It is used as a sweetening agent and enters largely in the 
preparation of delicacies, syrups, etc. 


Honky 

Honey consists of the saccharine substance collected by 
bees from the nectaries of flowers and deposited in the 
cells of the honeycomb. Honey differs from ordinary 
sugar in containing more dextrose and levulose than 
saccharose. It is largely adulterated with glucose, starch, 
and cane sugar, and imitated by adding a piece of genuine 
honeycomb to a jar of glucose syrup. Under the micros- 
cope pollen grains will always be found present in genuine 
honey. 



CHAPTER X 


ANIMAL FOODS 

Meat consists of muscle fibres held together by con- 
nective tissue. The fibres contain muscle plasma or 
muscle juice, and this is made up of water holding in 
solution nitrogenous substances, salts, and extractives. 
The salts are cliicfly chlorides and phosphate of potash. 
About 15 per cent, of ordinary butcher’s meat is inedible, 
being made up of cartilage, tendon, etc. 

The proteins of meat are myosin, muscle albumin, 
and hjcmoglobiri. Rigor luoriis is due to the clotting of 
myosin, which makes the meat tough. Rut acids are ver}^ 
soon developed in such a meat which soften the myosin, 
and make the meat more tender and give it a better 
flavour. iMeat should therefore be eaten after rigor 
mortis has passed away. 

The connective tissue of meat yields gelatin on boiling ; 
this IS aided by the acids developed in meat on hanging, 
and this gelatinisation is the result of conversion of 
cholagen. The acids which are developed later improve 
the flavour of the meat, but these are present even at the 
time of death of animals which have undergone great 
muscular exertion before death. Hence the flesh of 
hunted animals is of su])erior value. 

Connective tissues arc more abundant in old animals 
than in young ones, conscciuently the meat of old animals 
is tough and requires more cooking. 

Fat is often imbedded in the connective tissues, but the 
amount varies in different animals, tn jiork the fat is in 
excess, whilst in chicken it is almost absent. Fat so 
placed hinders digestion and absorption of meat. But 
the fatter the meat the poorer it is in water ; in other 
words, fat replaces water but not the proteins. 
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Extractives are substances contained in solution in the 
meat juice. The real chemical composition of the extrac- 
tives is not well understood. The}^ have none of the 
nutritive value of meat, but are of use in giving tlip peculiar 
flavour and taste. 

The percentage composition of the important animal 
foods used in the tropics is given below ; — • 
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Inspection of Animals 

Animals must be kept under observation in a stock 
yard or cattle mart for at least 24 hours, preferably longer, 
before being slaughtered. During this period they must 
be fed and watered. They should not be too old nor 
too young. The composition, flavour, digestibility, etc., 
of meat differs with the species, age, sex, and part of the 
body. A good ox should weigh between 600 and 1200 lbs. 
and be from 2 to 8 years of age. In India a gram -fed 
sheep weighs about 35 lbs. and yields about 18 lbs. of 
food, and an ordinary country sheep weighs about 25 lbs. 
The weight of an animal in pounds can be determined by 
the following formula : — ■ 

-I (5LXG2). 

L=^the length of the trunk from front of the scapulae 
to the root of the tail. 

G--the girth of circumference just behind the scapulae. 

Add to the weight thus obtained r,V,th of the weight for 
very fat animals, and deduct the same amount for very 
lean ones. 

^ The animal is divided into carcase and offal ; the 
former includes the whole of the skeleton with the excep- 
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tion of the head and feet, with the flesh, membranes, 
vt'sscls, and fat as well as the kidneys and fat surrounding^ 
them ; while the latter includes the head, feet, skin, and 
all the internal organs except the kidneys. Sixty ])er 
cent, of the total weii^ht of an animal can be utilised as 
food, and live per cent, more in the ease of fat animals. 

The aijfe of an animal can approximately be determined 
from the teetli and the rini^s on th(i liorns, but the dealers 
often tile the horns. 

A healthy animal should be well nourished, its skin 
su]:)ple and its musek'S fairly firm and elastic. It should 
not shiver or show any siyn of pain, and should move 
about freely. AVhen lying down it should be able to get 
up with ease. The other indications of hc'alth are : 
quick bright e^^es, nostrils red, bright and moist, tongue 
not protruding, respiration regular and easy with no foul 
odour in the breath, circulation tranquil, skin glossy and 
smooth, and excrtda normal. 

^Vhcn discaised the hairs stand out and are not smooth, 
the nostrils arc dry and covxred with frothy ('xeretions, 
the eyes lu'avy, the tongiu^ furred and hanging out of the 
mouth, respiration diflicult and movennents slow. In 
febrile conditions the ( urs and feet, and in milch cows 
teats, arc hot. 

Of the infectious diseases the most important are 
pleuropneumonia,, cat tk^-plague, swine fever, actinomyco- 
sis, foot and mouth disease, anthrax, and tuberculosis. 

Inspection of Meat. —Meat should in the tropics be 
inspected soon aftew the animal is slaughtenal. It takes 
about 2t hours for the carcase to thoroughly ‘ set ’ after 
slaughtering ; but this varies with the temperature, 
moisture, etc. It should show no signs of bruises or bile 
stains. The fresh and good meat should not show any 
pitting or crackling and should be lirm and elastic to the 
touch, of good colour throughout but not dark, red, 
livid, mahogny or very pale. The colour of the fat \ aries 
from white to yellow. A knife plunged into the meat 
and withdrawn should smell sweet in good meat. The 
juice should be reddish and acid, alkalinity is a sign of 
decomposition. 



ANIMAL FOODS 


175 


Of greatest value to the inspectors is the interior of 
the clu st. In healthy animals these arc perfectly smooth 
and the ribs with the intercostal muscles arc clearly visible. 
If the inside is rou^'h and the linin.t^ membranes cloudy 
it indicates tlu^ animal had sulh^rcd from an inllammatory 
affection. The lum^s should be spongy, of a bright pink 
colour and a small jicicc should lloat on water. Th( y 
should be fr(‘(i from cjivitn^s, nodul(‘s, ]ms, etc. The 
liver shoukl be dark brown in colour and sulli cicntly 
hard not to break ea^^ily on pr(‘ssurc. Alimentary canal 
should be fre(‘ from any apjiearanci^ of inflammation and 
should not smell of drugs. 

Characters of good Meat.— -Tlie following are the 
characb'ristics given by Dr. i.etheby in his ‘‘ Jxcturcs 
on Food ^ 

1. It is neither of pale pink colour nor of a de(‘p ]nir])le 
tint, lor the former is tlie sign of disease, and the latter 
indicates that th(‘ animal has not been slaughtered, Init 
has died with the blood in it, or has suffered from acute 
fever, 

‘2. It has a marbled appearance, from the ramification 
of little veins of fat among the muscles. 

S. It should b(‘ firm and elastic to the touch, and 
should scarcely moisten the fingers ; bad meat being wet, 
sodd(‘n, and flabby, with the fat looking like jelly or wet 
parchment. 

T. It should have little or no odour, and the odour 
should not be disagreeable , for diseased meat has a 
sickly, cadavcu’ous smell, and sometimes a smell of physic. 
This is veiy discoverable when the meat is chopped up 
and drenched with warm water. 

5. It should not shrink or waste much in cooking. 

(). It should not run t(y water, or become very wet on 
standing for a day or so ; but should, on the contrary, be 
dry upon the surface. 

7. When dried at a temperature of 212® or thereab- 
outs, it should not lose more than 70 to 75 per cent, of its 
weight, whereas bad meat will lose as much as 80 per cent. 

When meat is commencing to putrefy it becomes pale, 
moist, doughy, smells sickly and offensive, and gradually 
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turns greenish. The cellular tissue between the muscles 
softens and they are easily torn when stretched. 

Cysticerci cellulosce and Trichina spiralis are found in 
the muscles. To find out trichina a thin section of the 
muscle sliould be placed in liquor potasssc for a few minutes 
till it becomes translucent, when the coiled embryo will 
be seen inside its capsule. 

Diseases produced by Unwholesome Meat.— Good 
meat decomposes readil}^ in the tropics. It is advisable^ 
therefore, that it sliould not be kept long but cooked and 
eaten the same day the animal is killed. Particular 
care should be tak(‘n for the proper storage of meat, 
which should be protected from flies, cockroaches, and 
other insects. 

Meat, if decomposed, irritates the gastro-intestinal 
canal and gives rise to symptoms of ptomaine poisoning, 
viz., nausea, vomiting, abdominal pain, diarrhma, severe 
prostration and collapse. Urticarial and erythematous 
rashes very often develop, or there may be fever and 
delirium. By cooking the microbes are destroyed, but 
the symptoms of poisoning are due to the products of 
decomposition —the toxins, and it is now believed that 
poisoning by meat is due to infective organisms (ZL 
enteritidis) and their toxins. With the exception of 
tuberculosis and anthrax, meat is not likely to convey any 
infective disease. Tinned meats, etc., often contain 
sporing organisms of the /?. snbtilis and mesentericus 
groups. Para-typhoid bacilli are also occasionally the 
pathogenic agents in cases of food poisoning ” with 
gastro-enteritis, particularly B. snipestifer. A severe 
outbreak of food ])oisoning occurred in 1022 at I.ock 
Murce. The causative orj/anism being B, hotulinus con- 
veyed by eating potted food kept in sealed jars. Meat 
kept in a dark, damp, and ill-ventilated room with access 
of sewer gas, may develop posionous properties. Simi- 
larly meat of animals killed by arsenic or other poisons 
may produce toxic symptoms. 

The flesh of animals suffering from such diseases as 
anthrax, rabies, glanders, general tuberculosis, etc., 
should be condemned with those killed by accidents and 
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lightning. The flesh of pigs infected with Cysticerci 
cellulosce and Trichina spiralis should be avoided. Disto- 
77ncm hepaticum is very common in the sheep of India. 

In investigating a case of food poisoning first make a 
note of every article of food that has been taken by the 
members of the affected family. Then determine by a 
proeess of exclusion the particular articles of food that 
have been consumed by the sufferers in common. These 
articles must be traced and scenred, and the validity of 
the finding should be confirmed by feeding experiments 
on any of the lower animals. 

Tnhercfdosis in Animals, pigs, poultry, and 

rarely shi ep suffer from this disease. The Local Govern- 
ment Hoard in Kngland have adopted the following re- 
commendations of the Royal Commission on Tuberculosis 
as a guide to Mc«at Ins])eetors in the inspection of tuber- 
culous carcases of cattle : — 

{a) AVhen there is miliary tuber- 
culosis of both lungs. 

(Zi)When tuberenlous lesions are 
present on the pleura and perito- 
neum. 

(c) When tuberculous lesions 
are present in the muscular system 
or in the lymphatic glands embed- 
ded in or bidween the muscles. 

(d) When tuberculous lesions 
are })rescnt in any part of an 
emaciated carcase. 

(a) When the lesions are con-" 
fined to the lungs and the thoracic 
lymphatic glands. 

(/;) When the lesions arc con- 
fined to the liver. 

(c) When the lesions are confined 
to the pharyngeal lymphatic glands. 

(r/) When the lesions are con- 
fined to any combination of the 
foregoing, but are collectively small 
in extent. 

12 


The entire carcase 
and all the organs 
may be seized. 


The carcase, if 
otherwise healthy, 
shall not be con- 
^ demned, but every 
part of it containing 
tuberculous lesions 
shall be seized. 
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Preservation of Moat. -Meat is preserved by first 
cooking and then keeping in sterilised and hermetically 
scaled tins. Uncooked meat is preserved by : 

(i) Drying, which is done by cutting up the meat in 
strips and exposing it to sun and air. 

(li) Smoking. 

(ill) Refrigeration. 

(iv) Freezing. 

( v) Preservatives. --The most commonly used preserva- 
tives are either a ntisejitics or ordinary coarse salt. Roracic 
acid, salieyhc acid, formalin are th(‘ antiseptics generally 
used. Tluar careless use is attended with the greatest 
danger to consumers and should then fore be forbidden. 

The utility of apfilying heat or cold for this ])iir[)ose is 
thoroughly appreciated. By these proeessi's meat is 
preserved without addition of anything likely to be 
injurious. Heat is a]^plied in the preservation of tinned 
meat, tlie higii temperature destroys all germs and 
spores. In a r(‘frigerator mcait is oftcni preserved in a 
raw state at a temperature of C., but it must be cooked a 
few hours after removal. The cold rlocs not a licet the 
freshness or nutritive value of m(*at in any way. 

Cooking of Meat.— This is done for the purpose of 
developing the flavour and improving the ap})earanee of 
meat by destroying its eolouring-maiter. It sterilis(‘s the 
meat and lessens the risk of infection by any ]3athogenic 
germs or other parasites which may be present. It 
diminishes the amount of water even when meat is boiled. 
Tlie connective tissue must as far as possible be conv(‘rted 
into gelatin, but meat being a bad conductor, the heat 
must be applied slowly and the process consequently 
must he prolonged. Part of the extractive matters are 
removed by cooking, and this occurs to a certain extent 
even in process of roasting. The preservation of the 
extractive matter to which it owes its flavour is achieved 
by putting the meat in boiling water, which coagulates 
the outside layer, and prevents th(‘ escape of the flavour- 
ing ingredients as far as possible. The extractives are the 
chief constituents of soup, which has little or no nutritive 
value and yields no potential energy, although it seems 
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to relieve a feeling of fatigue. As it tastes and smells 
agreeably, soup aids digestion and is useful in the begin- 
ning of a meal. 

Digestibility of Meat. — Doth the mechanical and the 
chemical part of digestion is perfornKal by the stomach, 
and thereby the chief nutritive constituent of meat 
(protein) is rendered Fit for absorption. During the 
process of digestion the fibres swell up and become soft, 
they change their colour, and ttie whole mass becomes 
pulpy. Tliese clianges d(‘pend on a variety of circums- 
tances, according as the fibres are harder or denser, and 
thicker or longe r. Cooking has some iulluencc on diges- 
tion, and Jessen has found that Ix^ef disappears from the 
stomach at different times depending on tlic method of 
cooking, thus : — 

Raw beef . . . . . . . . 2 hours 

Half boiled 2J „ 

^Vllolly boiled . . . . . . . . 3 ,, 

Half roast(‘d . . . . . . . . 3 ,, 

Wholly roasted . . . . . . . . 4 ,, 

Common Forms of Meat 

Beef. — It is very extensively used, being cheaper than 
mutton. Jhit the llesh varies in quality, and according 
to the part us('d ; rump, sirloin, and fore ribs being 
considered the best. Deef is more strengthening, but 
requires strong digestive powers. 

Mutton.- This is more easy of digestion and is widely 
used in India. Its fibres are shorter and more tender, but 
it contains a larger proportion of fat than beef does, and is 
consequently not suited for invalids. According to 
Jessen 3| oz. of raw mutton are digested in the same time 
as an equal weight of beef. The flavour and digestibility 
often depend upon the breed of the sheep, and their 
pasturage. 

Pig. -This is comjiaratively less used in India as the 
Hindus, Mahomedans, and Jews do not take it. On 
account of the large quantity of fat it contains, pork is the 
most difficult of all meats to digest ; oz. requiring 3 
hours for digestion as against 2 hours for beef. Bacon is 
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more digestible as the fat is in a more granular form* 
Like all fat meat, j^ig contains less water. It is usually 
taken boiled with other lean meats like turkey, chicken^ 
veal, or with eggs and vegetables like peas, l|eans, etc. 
The pig is liable to be affected with cy sticercus of Taenia 
solium forming “measles,” and this measly pork gives 
rfse to a form of tape-worm — T. Solium. It is further 
affected with Trichit} a spiralis^ causing the disease 
known as “ trichinosis.” 

In the tropics generally the pig is a foul feeder 
and scavenger, and hence is considered not suitable for 
food. Its llesh is known at times to have produced 
intestinal disturbances. The Chinese are very fond of 
pork, but they generally cook it well (Simpson). 

Goat. — This is largely used in India, especially by 
the Hindus. Its fibres arc shorter, more tender than 
either beef or mutton, and contain less fat, conse(pieiitly 
goat flesh is more easily digested. Goat is immune to 
tubercular diseases. 

Poultry and Game. — Thesti are very favourite forms of 
food ; but in general aspect the flesh differs from that of 
ruminating animals. The flesh of birds differs from that 
of mammals in not being permeated by fat, consequently 
it is easily digested. The food on which these birds are 
fed makes a great difference in the charact(‘r of the ilesh. 
The flesh of the fowl, guinea fowl, turkey, and partrige 
is white, tender, of delicate flavour, and easy of digestion : 
the flesh of ducks and geese is darker, and is well known 
to disagree with delicate stomach. Game birds contain 
less fat than poultry. Of game birds there arc many 
varieties in all parts of India, and these are largely 
employed and esteemed as wholesome and delicate food. 
Partridge, snipe, quail, pigeon, wild fowl, etc., have 
distinctive characteristics of their own. 


Fish 

Fish forms an important part in the ordinary food- 
supply of India. It has a very high nutritive value, 
though not so stimulating as meat, but in general it is less 
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rich in fat than ordinary meat. The flesh of many fishes 
has a peculiar odour, and different kinds vary ^watly in 
their nutritive value, quality, and digestibility. There 
are two classes of fish, fat and lean. Those that contain 
less than 2 per cent, of fat arc known as lean fish ; “ Kai 
or climbing perch {Ariabas scandens), and “ Magur,” 
belong to this group. Those containing 2 to 5 per cent, 
of fat are grouped as fat hsh ; “ Hilsa ” or Indian Herrings, 
and “ Topsi ” or mango fish, belong to this class. 

Fish is poorer in extractives and therefore less stimu- 
lating than meat, but as it is digested more rapidly it is 
especially suited for invalid food, where stronger kinds of 
animal food are not so well digested. Lean fish is easy of 
digestion as the fibres are shorter and there is a com- 
parative absence of fat. Fat fish^ on the other hand, is 
very difficult to digest, and the oil is apt to get rancid and 
cause irritation of the stomach. Dried or salted fish is 
less readily digested than fresh ones, and the larger 
fishes less than the smaller or younger ones. According 
to Cliittendcn and Cummins the digestibility of fish in 
general is less than beef. 

Absorption of fish takes place like meat, about 05 per 
cent, of total solids, 07 per cent, of protein, and 00 per cent, 
of fat entering the blood, so that fish ranks amongst the 
most fully absorbed of all foods. 

It is popularly believed that fish is a valuable brain 
food owing to the excess of })hosphatcs that it contains. 
Many authorities doubt this statement, and are of opinion 
that this depends more upon the ready digestibility by 
persons of sedentary habits than on any other factor, 
and that there is no justification for the statement that 
fish IS rich in phosjihorus. 

As a source of energ}^ its value depends on the amount 
of fat it contains, fat fish being equal in this respect 
almost to moderately fat meat. As a source of building 
material, fish is inferior to meat as it contains less protein. 
The belief that fish possesses aphrodisiac properties is a 
mistake ; in fact, there is no evidence in its favour, on the 
other hand some authorities have pointed out that mari- 
time populatiorls are not especially prolific (Hutchison). 
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Shell Fish. — -Allied to fish are lobsters, crabs, shrimps, 
prawns, and oysters, and they are very popular as articles 
of diet. These have high nutritive properties, but are 
less digestible. Sometimes, however, they produce symp- 
toms of a poisonous or irritating nature, such as nausea, 
vomiting, diarrhoea, gidainess, etc., and frequently an 
erythematous rash. As mentioned before oysters when 
eaten raw are more easily digested than when cooked. 
The universal custom of adding vinegar, pepper, salt, 
onions, etc., stimulates the secretion of gastric juice and 
aids digestion. 

Inspection of Fish. — Fresh fish is firm, stiff and elastic 
to the touch, and if held by the hand the tail should not 
droop. The condition of fresh fish should be always in a 
state of rigor mortis, i.e., should not be soft or pulpy. The 
eyes should be clear and bright and not dull or sunken. 
The gills should be bright red and not muddy, ])ale, or 
discoloured. If decomposition sets in the body becomes 
flaccid. The skin •^lioiild be intact and the scales not 
easily detachable in a sound fish. Soon after death 
the blood of fish coagulates ; when d(‘eom]x>sition begins, 
the blood, on cutting the fish, ^vill run out as a dull red 
liquid of an offcuisive odour. If on reino\'ing the bones a 
dull red mark at the points where they touehed the flc^sli 
is noted it indicates that dccom[)ositioi\ is wcdl ndvanced. 
Mussles and oysters become unfit for food very soon after 
death. 

avoid rapid decomposition fish should be cut and 
eviscerated soon after being cauglit. It may be sent to 
distant places packed in ice. 

Many parasites live in fish, but only one, Bothrioce- 
phalus latiis, can be conveyed to man. 

Poisoning by fish sometimes occurs, giving rise to 
symptoms of ptomaine poisoning. Oysters frequently 
give rise to an urticarial rash and when taken from 
se wag "-contaminated water may carry cholera or typhoid 
infection. In certain seasons, especially during spawning, 
the fish ceases to be wliolesome and acquires poisonous 
properties. According to Simpson Indian mackerel and 
sardines on the Malabar coast arc sometimes poisonous. 
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and often the Bombay oyster causes serious illness when 
taken out of season, or when not absolutely fresh. Fish 
in any stage of decomposition should be condemned, as 
every hour adds to the degree of putrefaction. 

Dried Fish. - It is unwholesome as it is often in a 
state of putridity, and when stored acts as a source of 
nuisance to the neighbourhood, as the smell arising from 
it is offensive and sickening. 

Tinned Meat and Fish.- This is often dangerous in 
tropical climates, for it not infrequently gives rise to 
symptoms of poisoning of a very serious nature. 
If required, it sliould be bought from well reputed and 
respectable firms that do not d(‘al in old stocks. They 
should be eaten within two months of their inipprtation 
to India as decomposition usually starts after this period. 
Provisions imported between the months of March and 
Oetolx'r should be avoided, as the hot voyage deteriorates 
their quality. 

When making a purchase see that the tin is new, clean, 
not indented, and tliat no fluid is leaking out. If decom- 
position sets in, the ]'>utrefactiv<‘ gases will cause the two 
ends of the tin to bulge* out. Fraudulent dealers let out 
this gas by making a liole, and solder it up again. This 
is detected by tlu* presence of two soldered holes. 

If on making an o])eiiii)g the liquid contents spirt out 
it indicates that putrefaction has commenced ; if, on the 
other hand, the outside air is sucked in with a hissing 
sound, the contents are sound, and fit for human consump- 
tion. On opening the tin the whole of tlic contents should 
be taken out at once. The proccsss of drying, salting, 
pickling and siroking arc commonly employed for preser- 
ving fishes. At any latc th(\sc are unfit for dyspeptics or 
invalids. Sardines, salmons, herrings, oysters, etc., are 
extensively imyiortcd into India : of these sardines, owing 
to the amount of oil contained in the* tin, arc less likely 
to cause ptomaine poisoning and are much better than 
other freshly packed tinned fishes, especially salmon. 

Cooking of Fish.— This depends upon the kind of fish 
used. Oily fishes are best boiled, and this makes them 
more wholesome. I^Tying in oil is the common practice 
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with the Indians. The secret of frying consists in sudden 
exposure of the fish to a very high temperature, which 
has the effect of coagulating the porteins on the surface ; 
and any escape of soluble substances is thus prevented. 
Cooking of fish should be avoided on either brass or copper 
vessels. Where copper vessels are used they are usually 
tinned inside, commonly known as “ kalai,” but this 
should be always of tin and not an alloy of tin and lead. 
Aluminium and iron vessels are better and less dangerous 
than copper ones, for in the presence of acids like vinegar, 
lemon, etc., copper forms a compound, acetate of copper, 
which is a powerful gastro-intestinal irritant, whereas with 
aluminium it forms alum, which is simply astringent, and, 
therefore, harmless. 


Eggs 

The egg is a typical example of food containing all the 
proximate principles necessary for the growth and develop- 
ment of the body. It is however deficient as regards 
carbohydrates. \n ordinary hen’s egg wciglis about 1| 
ounces ; of this about 12 per cent, consists of shell, 58 per 
cent, of white, and 30 per cent, of yolk. The shell consists 
of carbonate of lime, and the white with tlie yolk consists 
principally of nitrogenous elements. The white is made 
up of a solution of various proteins, the chief being egg- 
albumin. The yolk contains a large (|uantity of fat and a 
considerable proportion of k‘cithin, a phospho-protein 
called vitcllin, and organic compounds of phosphorus and 
iron. The yolk contains less albuminous matter and does 
not so readily solidify with heat, and as it contains large 
quantity of oily matter floats in the white. 

The comparative analysis of a hen’s egg is as follows : — 



Water. 

Protein 

Fat 

Otliei noil* 
intr< >;>enou.s 
iihittor 

Mineral 
, inattei. 

White.. 

s.-i.r 

12 6 

0 25 


0.59 

Yolk .. 

>00,9 

10.2 

31 75 

0.13 1 

1.09 
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The absorption of c^.cfs in the intestines is almost 
complete, only 5 per cent, of residue being left. The 
value of one egg as food is equal to half a tumbler of milk, 
and the potential energy yielded amounts to 70 calories. 

It is a known fact that mineral matters are more readily 
absorbed when they exist in organic combination. Hence 
iron in the yolk of eggs is absorbed very easily. Yolk of 
egg is therefore a valuable food for anamic patients. It 
is also very rich in calcium ; in fact, except milk, no 
food contains so much lime salts in sueli an assimilable 
form. The yolk is rich in anti)icuritic and antirachitic 
vita^mns. 

The digestibility of eggs depends upon the form in which 
they are eaten. Haw eggs arc not all digested in the 
stomach : this is perha])s due to the fact that being bland 
they hardly excite" gastric secretion. The following table 
from nutchison shows the length of time eggs remain in 
the stomach under different conditions of cooking : — 

2 eggs lightly boiled . . . . . . If hours. 

2 eggs raw ^ 2 „ 

2 eggs hard boiled . . . . . . 3 ,, 

2 egg omlctte . . . . . . . . 3 ,, 

If hard-boiled eggs be finely divided and masticated 
they can be disposed of as easily as soft-boiled eggs. If 
the absorption of eggs from the intestine is delayed, 
decomposition ensues with production of and 

ammonia. 

fjggs are preserved for a long time by preventing the 
entrance of the air through the pores, either by packing in 
saw-dust or salt, or by thoroughh^ smearing the shell with 
gum, butter, lard and oil, or by placing in lime water to 
which a little cream of tartar has been added. 

Decomposed eggs are detected by placing them in a salt 
solution (about 2 oz. of salt in a pint of water) when they 
float. Fresh eggs are always heavier than stale ones. 
Hold an egg before a candle or a light, if fresh, it is trans- 
lucent in the centre ; if stale, at the poles. 
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Milk 

Milk is an ideal food, and is the chief diet for children 
up to the age of 18 months. It is in reality an emulsion 
of fat containing proteins, salts, and carbohydrates held 
in solution in water. The average percemt a go composition 
of various kinds of milk commonly used by man is given 
in the following table 


Kind of milk, 

Piotein. 

Kal. 

Cai bohydiato 

Salts. 

Water. 

Human 

2 ‘C 

2 <)U 

1 ST 

O.K) 

SS 0 

Cow 

; 1 u 

‘1 7 

4 s 

0 7 

8(> S 

Hud do ., 

1 1 

U 0 

4 S 

0 s 

MS 0 

Ass 

i 1 7U 

1 oj 

.5 r,() 

0 12 

in 17 

Go it 

i d (.2 

1 20 

1 0 

0 7(; 

S7 74 


In milk we have the different classes of alimentary 
principles neeessarv for liealth, but the relative propor- 
tions are not so well suited for adults under normal condi- 
tions, an excessive amount of water and albuminoids 
inducing too active metabolism. 

During digestion the gastric juice curdles thc^ milk ; 
the curdling is due to the change ])rouglit about in the 
casein by rennin. The milk becomes at first jelly-like, 
but the curd shrinks and a y(‘llow fluid calk'd whey is 
sqiK'Czed out. The curd consists of cas('in and entangled 
fat or cream, while the sugar, the soluble albumins and 
other salts, remain dissolved in the whey. The casein of 
cow’s milk forms dense and hard curd, whereas the coagula 
of human and ass’s milk are soft('r and floccukmt. The 
curds later on are changed into albumoscs and peptones 
by the digestive h'rmcmts. 

The d(Misity of the clot which the milk forms in the 
stomach depends on 

(a) the amount of casein in the milk, 

(I?) the degree of acidity in the stomach, 

(c) the quantity of lime salt present. 

All these factors are affected by dilution, and for this 
purpose plain water, or better still, barley or lime water, 
may be used. The lime water, besides being alkaline, has 
a specific power in preventing clotting. Citrate of soda 
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prevents coagulation of milk by converting soluble lime 
salts into insoluble calcium citrate. Aeration by the use 
of sparklets is an important factor in avoiding clotting, 

Tlic proteins of milk constitute about 3 per cent, of the 
total weight ; they arc caseino^en and lactalbnmin, and 
they arc present in the proportion of 1 of casein, and 1-7 
part of lactalbumin in cows’ milk. Caseinogen is a 
phosphoprotein, and differs from albumin in not being 
coagulated by heat. It is, however, readily coagulated 
by weak acids and rennet. Casein is kept in solution 
along with phosphate of lime. 

The chief mineral matter of milk is phosphate of cal- 
cium (which occurs ])artly in combi !iat ion with citric acid 
and the rest as phosphates) ; sodium and potassium 
chloride's, magnesium phosphate and a very small quantity 
of iron art' also prt'st'iit. Stockman has shown that 5 
pints of milk are roejuired to supply the necessary amount 
of iron for an adult every day. 

The jat of milk is suspt'uded in the albuminous fluid 
in very minute partiek s in the form of an emulsion, and 
constitutes about 3j, to 4 ])er cent, of the total weight. 
W ht'u milk is allowed to stand for some time the fat rises 
to the top as cream. Good milk contains about 8 to 12 
per ee'iit. of cream. The* se])aration of cream is hastened 
by addition of water. The cream is best estimated by 
allowing 100 e.e. of the milk to stand in a graduated tube 
for twenty -four hours, and then reading off the proportion 
of cream, which should be on an average 8 per cent. 
Skimmed milk, from which the cream has been removed, 
contains about 1 per cent, of fat, and is not of much value 
for h('altliy peo]:)le, but is better adapted for weak 
stomachs. As it contains all the nitrogenous elements it 
is far more nutritious than whey. 

The carbohydrate of milk is lactose or milk sugar, it is 
slightly sweet but extremely hard and gritty. This is pre- 
sent from to 4 to 5 per cent. It remains dissolved in the 
fluid after casein and the fat globules have been separated. 
It is not prone to alcoholic fermentation, but when it is 
exposed to the air for some time and especially if it be 
warm, certain chemical changes take place, and part of 
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the lactose is converted into lactic acid ; this acid com- 
bines with calcium of the calcium caseinogenate to form 
calcium lactate, and caseinogen becomes precipitated. 
This change is due to the action of an enzyme secreted by 
certain micro-organisms, and would not occur if the 
milk were contained in closed sterilised vessels. This 
causes the milk to turn sour. 

The milk sold in the Calcutta markets as cow’s milk is 
largely mixed with buffalo’s milk. The milk of the 
buffalo has a larger proportion of total solids and fat than 
cow’s milk, and admits of a larger dilution with water. 
It is therefore not so digestible or pleasant to take. The 
intermixture of such a milk, so highly rich in fat and 
coagulable casein, with cow’s milk renders it unlit for use 
as an infant -lood. 

Goat’s milk is also used in India especially for infants. 
It is richer in cream, but poorer in protein than the 
milk of the cow. On the other hand human milk and 
ass’s milk arc richer in sugar than cow’s milk. 

The richness, the colour, and the flavour of cow’s milk 
vary with the character of the food on Avhich the anim^d is 
fed ; The common practice is to milk twice, but tlirce 
times a day is not uncommon. The first part of the 
milk contains more water, while the last part is rich in 
fat. The character of the milk also varies with the 
class and race. In some the milk is comparatively 
thicker; during the rains milk is as a rule thin, and in 
winter much thicker. 

The use of humanised cow’s milk in place of, or in addi- 
tion to, breast milk is not uncommon, and it is nec(‘ssary 
that the difference between the two should be car(‘ fully 
noted. Breast-fed infants get their nourishment direct 
from the mother, at a suitable temperature and adequate- 
ly mixed without any exposure to the air. The milk 
contains no adulterants or preservatives, and above all is 
bacteriologically clean and pure. Bottle-fed infants, on 
the other hand, get their milk which has passed through 
several hands, and has been exposed to endless risks of 
contamination in buckets, pails, cans, jugs, etc., and 
admitting for a moment that it was neither skimmed. 
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watered, nor otherwise adulterated, yet after beinj? exposed 
to the dust of the streets, and to filthy surroundings of 
dairies, etc., it arrives in varying degrees of stalencss, more 
or less polluted and charged with microbes. 

^ Diseases due to Milk. — Milk is responsible for more 
deaths and sickness than all other foods. This is due 
to the fact that bacteria grow well in milk and that it 
is rather difhciiJt to handle and keep it clean, fresh 
and in a satisfactory condition. It decomposes easily 
and excepting egg is the only article of food derived 
from the animal kingdom which is consumed in a raw 
state. It is most commonly adulterated and is open to 
all sorts of infection and pollution. The principal milk- 
borne diseases are -typhoid fever, diarrhoea and dysen- 
tery, cholera and tuberculosis. 

In this country the dairies arc generally situated near 
to tanks or wells, the water of which is constantly 
contaminated by the inflow of dung and urine, and this 
water is often utilised for washing the vessels and adul- 
terating milk. The bazaar supply is always suspicious, 
as the vendors usually adulterate the milk with the 
water of tanks and wells, which is often infected. 

Milk is one of the best culture media for pathogenic 
bacteria. Ihc only important communicable disease 
common to man and cattle is tuberculosis. A large 
number of milch cows are more or less affected with 
tuberculosis in Europe, but not so in India. Attention 
was directed by American authorities to the fact that 
T. bacilli can be nearly always detected in the feces of 
tubercular cows, even in the absence of clinically recognis- 
able symptoms or signs of the disease. It is therefore 
obvious that there must be a grave danger of contamina- 
tion of milk when proper care is not taken to obtain it 
under cleanly conditions. 

Epidemics due to infected milk -supply have the follow- 
ing points in common : — 

^ . The outbreak is sudden, so also is the cessation. 

2. A number of cases occur simultaneousl\\ 

3. Several members of the same family or house are 
attacked at one and the same time. 
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4. The averacfe number of cases in each house is j^reater 
than what might have been ordinarily. An average of 
two attacks in a house may be considered high. 

5. There will be found a common milk-supply among a 
large proportion of the infected houses. 

6. The rich people usually suffer more, as they con- 
sum? more milk than the poor. 

7. Attacks arc rare in families which take little or no 
milk. 

S. Children arc more frequently attacked than adults. 

Adulteration of Milk. The value of milk as an article 
of diet in India cannot lie t)ver-estimated. .Tust what 
meat is to the Europeans such is milk for the Indians. It 
is of vital importance that the supply should as far as 
possible be pure and wholesom(‘, Unfortunatedy adul- 
teration is tile rule, and a pure siqiply is foumi under 
exceptional circumstances. The adulterants commonly 
used are : — 

1. Water, which is v(‘ry often polluted. 

2. Cane sugar or balasa. a preparation of treacle. 

3. Cream, is very oftcui removed, and water added 
subsequently to maintain the spccilic gravity; or the 
evening milk after the removal of the cream is mixed 
with the morning milk. 

^ 4. Starch, flour, or arrowroot arc often addeal to 
milk. 

5. Milks of different animals are mixtal together, e.g., 
that of buffalo with cow’s milk. 

Preservatives in the form of thorax, boric acid, formalin, 
etc., are not as a rule used in India. 

Examination of Milk. — A sam])le of good milk should 
be opaque, of white colour, without any deposit or peculiar 
taste or smell. The reaction should be enther slightly 
acid or alkaline, or neutral. The specific gravity varies 
from 1027 to 1031, and lessens with the increase of fat, 
and falls one degree for each rise of 10® E. above 60®. 
This is usually estimated by the lactometer which is a 
satisfactory guide when milk is adulterated with water 
only. But if sugar is added, or if water is added after 
skimming, then its determination cannot be taken as a 
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reliable index of the character of the sample. The 
examination should be made at a temperature of 60® F. 

When milk adultcirated with water is placed in a white 
vessel, a ])alc bine line can be seen where the surface of 
the milk touches the vessel. This can be easily detected 
by the naked eye so lon^ as tlie amount is about one-fifth 
of the total volume of the milk. 

Cane sinifar as an adulterant is detected by adding an 
equal quantit}^ of diluted hydrocliioric acid and a few 
grains of powdered resorcin to the milk and healing it, 
when a blood-nal colour is produced. The total solids 
should not be kss than 11.5 per cent., but generally 12 
to 13 per cent. 

The ])resenee of starch is detected by adding a solution 
of iodine, which colours it blue. 

Fat in milk is detected by general methods, of wliich 
Lefl'mann-Bcaim’s process is the best. 

Preservation of Milk. — Milk can be preserved by - 

1. Pasteurisation^ raising it 1o a temperature of 
167° F. for half an hour anel then rapidly cooling it. By 
this ])roccss ovc'r 90 per c‘ent. of the pathogenic micro- 
organisms are destroyed, and the natural souring of milk 
is delayed for 12 to 21 hours by inhilating the fermenta- 
tion bacteria. 

2. Addition of peroxide of hydrogen, and heating to a 
temperature of 51° C. for three hours. Milk so healed is 
known as ‘‘ Buddeised,” and remains normal in taste and 
keeps fresh for about a week. 

3. Drying it by passing through over-heated rollers so 
as to reduce it to a fine powder, 

4. Addition of antiseptics^ e.g,, formalin, boric acid, etc. 

Effects of heating Milk. — When boiled in an open pan 

it forms a thin skin on the Ijup ; this surface film consists 
of fatty matter, casein, albuminoid and ash. When hea- 
ted for sometime milk becomes thicker in consistency, 
brownish in colour, and altered in taste. The change 
in colour is due to the charring of the sugar, and this 
thickened or condensed milk, commonly known as “ Khir,” 
is widely used in India as a dclicac 3 ^ But the most 
important effect of boiling milk is that it is rendered 
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sterile. The changes brouijjht about in the milk by heat- 
ing depend ii])on the deijfree of heat and the length of 
exposure. Hi'ated to about 62.8°C. for half an hour does 
not produee any appreeiable ehange. Boiling however 
produces certain definite changes. It ])ariially decom- 
poses the proteins, decreases the organic ])hosjdiorus and 
increases th(‘ inorganic qiics ; precipitates “phosphates, 
calcium and magnesium salts, and COg is given off. 

Digestibility of Milk. It should be noted that milk, 
though a fluid, is rendered practically solid after it reaches 
the stomach. The clotting is due to the presence of ren- 
nin, bill its value in the proeess-of digestion has not been 
worked out. Indeed, Hutchison has shoivn that if milk 
could be so prepared as to ])rev(nit clotting in the stomach, 
its digestion in the intestiiu's would in no way be inter- 
fered with. In fact, removal of thc' stomach does not 
hinder the dig(‘stion of milk. Boiled milk clots less readily 
than fresh milk, but this happens only outside the body, 
as the acid of the gastric juice redissolves some of the 
lime salts. T!i(‘ digestibility of milk, therefore, depends 
on the dimsity of clots in the stomach. The formation 
of large dense clots can be avoided by taking milk in sips, 
when tlie milk is broken up in tlie stomach and does 
not form hard clots. It has been found that it takes 
about two hours for a glass of milk to leave the stomach, 
but the condition of milk has a great influence on the 
duration of its stay in the stomach, thus : — 

602 c.c, (about a ])int) raw leaves in 3 } hours 
„ „ skimmed ,, „ 

,, ,, sour „ 3 

,, „ boded „ 1 

The digestion of milk becomes complete in the 
intestines by the pancreatic juice, which acts more power- 
fully on milk than gastric juice. Absorption of milk is 
more or less complete ,• in fact, the protein and fat are 
absorbed as well as, or even better than, the protein and 
fat of beef (Hutchison). But when milk foims the only 
diet of an adult it is not so readily absorbed. Under 
normal conditions about 90 per cent, of the available 
potential energy reaches the blood. Milk is absorbed 
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Avith less expenditure of energy than any other food : in 
otlu r words, tlic^re is less wear and tear of the intestines. 

Milk contains large number of very active ferments or 
enzymes Avhicli are supposed to be spcciall}^ A^aluable to 
infants and are destroyed by heat. 

Improvement of Milk-supply. -This is one of the many 
vexed questions whicli require careful study before the 
supply can be improved. To effect any im])rovement 
co-oporation of tlu‘ milk producers (Goalahs) is absolutely 
necessary, at the same time their dilTiculties, the cost of 
food ami other expenses have to be considered. 

Two methods may be ado]>ted for im])roving the 
quality of thr milk-supph^. viz, (a) legislation, and 
(/;) instructing the dairy men in the essentials of hygienic 
milk production. Dairymen ar(‘ illiterati', instructions 
can onlv be given by word of mouth and practical demons- 
trations. Individual farms should be visitial, existing 
conditions examined, and the special advantages of 
imiwovement explained. Practical suggestions should 
be given, and no one should be asked to ado])t improvc- 
m(*n^s which are beyond his ability and int(‘IIigence. 
Th(‘ cleanliiK'ss of the utensils, the triaitment of the milk, 
the local sanitation and the breeding of flics and other 
dangers recpiire careful su]H‘rvision. 

The following rules if carefully followed will effect a 
marked inqirovemi nt in the character of inilk-siqiply 

(a) The cow should be liealthy and free from any 
inf(‘etion or inflammatory condition of the udder. It 
should be properly groomed to remove dung from its 
bodv, and the udders should be properly Avashed. 

{!)) The tail should be secured to prevent flicking dirt 
attaclied to it during milking. 

(r) The floors of milk sheds and approaches to the 
sheds should be paved and kept as clean as possible. 

(d) All jAcrsons handling milk should be clean, should 
not suffer from any communicable disease, and should 
not be ‘ 'carriers.’’ 

(e) The milk should be received in clean, freshly 
scalded metal vessels and should be protected from flies 
and other domestic animals. 
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(/) All bottles and cans used should be washed and 
sterilised. 

(g) Do not feed the cow during milking and do not 
put lingers into the milk. 

(h) 13o not strain, skim or keep the milk in the cow- 
shed. 

(i) Remove all refuse to a safe distance daily. 


The Baotkrioloqioal Examination of Milk 

Cbenucal examination of milk shows whether the milk is genuine or 
not, hut it gives no idea about its hygienic quality. By chemical ana- 
lysis we get no information about the possibility of the milk containing 
pathogenic organisms. Tins is of great importance, as a number of disea- 
ses are commtinicablo through milk, indeed milk is frequently the vehi- 
cle for the transmission of many infectious diseases to man. 

The bacteriological examination of milk is undertaken for the 
following informations : — 

1 . To measure the degree of fiecal pollution, 

2. To find out if disease-producing organisms like B, ti/phoms, 
B, tuberculosis and cholera vibrios are present ; and 

3. To ascertain if the udder of the animal is healthy or diseased. 

Total Bacterial Count — This is done as in the case of water, with 

nutrient agar medium with definite dilutions of milk. These dilutions are 
made as follows : A series of glass-stoppered bottles containing 90 c.c. 
sterile water is taken and the first bottle receives 10 c.c. of the milk to be 
examined and well shaken. Ten c.c. of this is transferred to a second 
bottle with 90 c.c. of water and shaken. Ten c.c. of this is transferred to 
a third bottle and so on. Each dilution represents one -tenth dilution of 
the one immediately previous to it in series. In this manner dilutions 
should be made from 0.1 c.c. to 0.000001 c.c. and plates made from the 
number of dilutions beginning from the last dilution. 

The following factors influence the total bacterial count, viz., the 
method of collection, the time that has elapsed since milking, and the 
temperature at which the milk has been kept. 

Fcecal Bacilli Count. — This is important than the total bacterial count 
and should bo done as described in the case of water with McConkey’s 
broth tubes inoculated with 1 c.c, from each dilution and incubated. 
The presence of B, coli in large numbers indicates manurial and other 
undesirable contamination. 

Eshmation of B, enter itidis sporogenes, — The spores of this organism 
are said to be present in large numbers in cow dung. The estimation of 
its numbers in milk is therefore important, particularly as It does not 
multiply in milk. It is tested in the same way as is done for waters. 

Streptococci. — These are present in milk in large numbers in cases of 
mastitis and ulceration of the teat. Their presence in large numbers may 
be taken as indicative of inflammatory diseases of the milk producing 
organs of the cow. 
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Microscopical examination of the centrifugal ized and stained depo- 
sit gives an idea of the nature of the cellular elements present. A high 
leucocyte count accompanied by streptococci usually indicates diseased 
udders. The presence of pus cells may indicate purulent inflammation of 
the udders. Both leucocytes and pus cells are however present also in 
the milk of healthy cows, though in much less numbers. 

Tubercle Bacilli . — A portion of the centrifugalized deposit is stained 
and examined microscopically for acid fast bacilli by Zichl Nielson method, 
and the rest of the deposit injected into guinea pigs subcutaneously on the 
inner side of the log. A negative result microscopically is not of much 
signiflcance as the tubercle bacilli are present only in small numbers. 
When T . bacilli arc present, an infection takes place, the glands on the 
inoculated side become enlarged and the bacilli can be demonstrated 
from films made from them. 


Condensed Milk 

Condensed milk is extensively imported to India, and 
is widely used especially by the Europeans, and in places 
where fresh and good milk is difficult or impossible to 
obtain. Condensation is effected by evaporating the water 
by gentle heat. This is accelerated by the reduction of 
atmospheric pressure in so-called vacuum pans, and is 
carried so far that the volume of the milk is reduced to 
about a quarter. Condensed milk therefore represents 
four times its volume of fresh milk. Dried milk is now 
manufactured to take the place of condensed milk. It 
is found in coarsely granular powder, and when diluted 
with water in proper proportions makes excellent milk. 

Most of the condensed milks arc sweetened with sugar 
which helps their preservation, and too often the cream 
is removed, and the product is really Condensed Skim 
Milk, The following are the different varieties of con- 
densed milk found in the market . — 

1. Condensed whole milk (sweetened). 

2. ,, ,, ,, (unsweetened). 

3. ,, skim ,, (sweetened). 

The sweetened milks arc for the most part good, and 
usually contain more cane sugar than milk solids. A good 
specimen may contain 11 per cent, fat, 10 per cent, protein, 
14 per cent, milk sugar, and 38 per cent, cane sugar. The 
sweetened skimmed milks, or separated milks, or machine- 
skimmed milks, are very inferior to the above, and 
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generally contain about 1 per cent, of fat. Such a milk, 
therefore, is unfit for the sole nourishment of infants. 

Humanised Condensed Milk.— This is condensed milk 
to which milk sugar and cream have been added. When 
diluted with water in the proper proportion it is practi- 
cally identical with human milk in quantitative composi- 
tion. 

Digestibility of Condensed IMilk. Condensed milks arc 
more digestible than pun' cow’s milk, due to the fact that 
they do not form curds in the stomach at all, or if tliey do, 
the curds are more floeeulent than of ordinary milk. 
It seems probable that during condensation casein under- 
goes certain chemical changes and hinders tlu' formation 
of clots. 

As a rule condensed milks are of less nutritive value 
than })ure milk, due to their containing less fat. Hence 
condensed skim milk should be a, voided, as we ll as sweet- 
ened whole milk. For infants it is better to avoid any 
form of condensed skim milk. If, however, fresh milk be 
not available, unsweeti'iicd condensed whole milk sliould 
only be used. 


Preparations of Mu.k 

Curdled Milk, Sour Milk or Dahi. Tins is h rme nted 
milk wry largely used in this country, Ix'ing more easily 
digested than raw or boiled milk. They are ('ither 
sweetened or unsweeteiK'd, and the usual ])ractice is 
to consume it within .‘36 hours of its ])re])aration. The 
sour milk owes its virtue to the production of lactic acid, 
but the causative element is a streptothriev, with characters 
similar to B. bulgaris. Professor KHasato has shown 
that 0.3 per cent, of lactic acid kills the comma bacillus 
in 5 hours. The addition of sugar previous to curdling 
does not affect the amount of lactic acid, lint masks the 
acidity and makes it palatable. WIk'ii milk turns sour 
the yiroteins of milk are partly decomposed and coagulated, 
and the fat particles arc enclosed in the coagulated casein. 

Prejiaration of Sour The milk is first boiled, 

and when partially cooled it is inoculated with a little 
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curd from a previous preparation as a starter of fermen- 
tation, and kept at the room temperature for fermenta- 
tion to <jfo on. Sour milk as sold in the bazaar is hardly 
ever made from whole' milk ; the milk is deprived of its 
fat, and the skiinnxed milk is utilised for its prepara- 
tion. 

Butter-milk or Ghol. This is the residual milk left 
afb'r butter is taken away b\^ churning. Ghol is generally 
])r{' pared in India from sour milk or dahi. It is a sour- 
tasti ng fluid of varying consistency according to the 
am )unt of water present, with the casein of the milk 
existing in a finely coagulated state, i.e., in a more easily 
dig'stible form th\n in ordinary curd. The lactose is in 
great part eouv^erted into lactic acid, and contains very 
little, if anv, fat. It is very nutritious and is as cfTicaeious 
as whey in di<'tetics. 

Curd and Whey. — Whey is the fluid left after the 
curdling of the milk. It is prepared by adding essence of 
rcnnc't or some weak a,cid to warmed milk, and setting it 
aside until it is firmly coagulated. The coagulum or 
curd {chhann) is then cut into ]:)ieces, strained through 
muslin, and hung up to allow tlie fluid (whey) to drain 
away. The curd contains casc'in and fat, while the whey 
contains all the original sugar, most of the mineral 
ingredients, and about 0.8 ])er cent, of protein. When 
milk is coagulated by rennet it gives an alkaline reaction 
and forms the so-called “ sweet whey.” 

About a ]3int and a half of whey is obtained from a 
couple of pints of milk. It has a sweetish sour taste, 
and with equal parts of cow’s milk it almost resembles 
human milk in com])osition. 

The curd of milk is commonly known as “ elihana ” or 
khilat. Its use is practically limited to Bengal. From 
this curd, which contains chiefly casein and some fat or 
fat globules entangled in it, a large number of delicacies 
are prepared by the addition of sugar, syrup, etc. It 
contains protein 21.06, fat 2.5, and salts 1.1. 

Koumiss and Kefir. —These are in reality ])reserved 
milk containing lactic and carbonic acids and a little 
alcohol (1 to 2 p.c.). True koumiss, as prepared by the 
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Tartars, is fermented mare’s milk. Artificial koumiss may 
be brewed at home from cow’s milk by the following 
process : — Pour fresh butter-milk (which remains after 
the butter has been separated by churning) 1 part, water 
2 parts, cow’s milk 8 parts, into a loosely covered jar or 
bottle and keep it in a warm place, say near a fire, for 
36 to 48 hours, with frequent brisk shaking. Koumiss is 
an easily assimilable nutritious food and remedy. 

Kefir is a fermented milk like koumiss, the ferment 
being a Caucasian mushroom. It can also be made at 
home by the addition of kefir fermcnit, which is a hard 
yellowish-brown granular body collected from the vessels 
from which true kefir is made, or by adding a fungus 
which contains yeast and Bacillus acidi lactici, A spark- 
ling beverage is obtained within 24 hours. It is usually 
prepared from cow’s milk. 

In koumiss and kefir the caseinogen is thrown down in 
a finely flocculent and easily digested form, and is also 
partly peptonised. Most of the sugar is converted into 
lactic acid and a small amount of alcohol., and a large 
proportion of COg arc generated. 3| quarts (daily 
allowance) of koumiss yield 140 grm. of protein, 80 of fat, 
and 140 of sugar with a combined fuel value of 1918 
calories. 

Cheese. — This is prepared from milk by the action of 
rennet, and consists of coagulated casein with varying 
proportions of water, fat, and salts. It may be made 
from whole milk, from skimmed milk, or from whole milk 
and cream. The ripening of cheese is the result of de- 
composition whereby the casein undergoes a fatty change 
with the formation of lime salts and fatty acids. The 
average composition of a good sample of cheese is : pro- 
tein, 27*0 p.c. ; available protein, 25*3 p.c. ; available fat, 
25*0 p.c. ; salts, 6*0 p.c. ; calorie per oz. 97*0. 

Cheese is infiltrated with about 30 per cent, of fat, and 
is not easily digested by delicate stomachs. Digestion, 
however, becomes more easy if it is eaten properly masti- 
cated. 

Cheese is a cheap form of animal food of high nutritive 
value and is a valuable substitute for meat. According to 
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Hutchison beef contains less than half as much nourish- 
ment as the same weii^ht of cheese. It deteriorates 
rapidly in the tropies, and is chiefly adulterated with 
starch. 

Butter. — ^Butter is obtained by churning either the 
curdled milk or the cream at a low temperature, when the 
fat particles clot together, entangling in their meshes 
water, a small amount of casein and salts. Butter is used 
to a much less extent by the people of this country than 
ghee or clarified butter. Butter contains casein, various 
fats, lactose, salts (phosphates), water, and an aromatic 
principle. Butter fat contains 40 per cent, of olein and 
is rich in those fatty acids (butyric, caproic and capric 
acids) which are soluble in water. An average* sample 
of butter contains 7.5 ])er cent, of water, 1.0 per cent, of 
protein, 90.5 per cent, of fat. 1.0 per cent, of salt. The 
percentage of water in different samples of butter, as sold 
in Calcutta, rar(*ly exceeds 16, except in Ghatal (Miduapur) 
butter, which gives an average of 80 per cent. Butter 
may be preserved by the addition of salt (not exceeding 
10 per cent.), or by keepiiig it in water. 

Butter is the most easily digested of all foods. As the 
butter fat approximates olein of the fat of the human 
body, it is of great value as food. Absorption of butter 
in the intestines is complete. 

Though adulteration of butter is not so universal as of 
milk or ghee, yet it is not uncommon. Water is the 
chief adulterant, but admixture with low grade ghee, 
animal fat, and curd are also met with. In England it is 
chiefly adulterated with Margarine, which is prepared by 
churning melted or clarified beef or mutton fat with 
skimmed milk. 


Ghee 

Ghee is clarified butter and is used chiefly in place of 
butter in India. It is prepared either from the milk of 
the cow or of the buffalo. Buffalo ghee is whiter in 
appearance, while cow’s ghee has a faint yellowish tinge 
and a pleasant sweet smell. 
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' Ghee is made from milk which is first boiled and then 
curdled. In about six hours the curdled milk is churned 
after adding a little water, when the butter lloats on the 
top. This is them collected, Avaslied, and heated, when 
the butter melts, and casein and water fall to the bottom. 
The water is then evaj^orated and casein that remains 
liehind is burnt off. The lloatini( i^hee beiii^ thus free 
from water and or^mnie matter can be ])reserved for a 
mueh longer time than butter itself. This is an important 
consideration in a tro])ieal country where butter soon 
becomes rancid and unlit for use. 

Ghee is <renerally used in the ])rej,aratioii of various 
kinds of foorl, such as sweets, puries, etc. It is also taken 
alomjf with ri(*e, eurric's, dais, etc. 

Buffalo s^liee contains more solubk^ volatile acids as 
determined by the Reieh(‘rt-\Vollny process, (‘orrespond- 
in^ i^eru'rally from 8t to e.e. of deei -normal alkali for 5 
grms. of Gfhee. In forty samjiles of ])urili(‘d ^hee carefully 
prepanal from pure buffalo milk in the Calcutta. Municipal 
Laboratory for standardisation pur])oses, the miiiiminn 
Reichert valu(‘, in ti^rms of deei-normal soda., was found 
by Dr. J. Dutta and Dr. S. B. Ghose to be 30.5, and the 
maximum 39.3, the average beincf 34.5 for 5 j^nn. of 
th(* ^^hce, wdiile the minimum Reichert value for ^hcc 
from pure cow's milk was 22, the maximum 27, and the 
averao'e 21, for 5 ^rms. (Sinijison). 

Th(* followincf standard for <^hec has been adopted by 
Drs. Dutta and Ghose of Cjilcutta : - 



Cow 

Buffalo. 

! Si)coirK’ 

Soluble volatile ricirls in tcuins of docinoiiiial sod.i 

un to 012 

oil to 018 

bv Heicbeit-Wulliiy rnetbod 

24 c c 

80 5 c‘ e 

Meltuijf 

in'" to 45 5® C 

34® to 80° C 

Oleo-refr letoiiu t('r at l'»® C 

- 42 1 o 8.5 

-.82 to 85 

Butyio.iefi.ietoiueter at 40 5® C 

41 to 12 5 

41 to 42 5 


Ghee as sold in the market is almost wdiolly prcjiared 
from buffalo milk, (ihee ])reparcd in winter is sujicrior 
to that pr(‘par(‘d diirin^^ autumn. Ntairly 70 per cent, 
of the ghee of the Calcutta market is adulterated. The 
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principal adulterants arc ground-nut oil {china badam), 
animal fat, mohua oil, poppy seed oil, eocoanut oil, 
castor oil, etc. Tlu'se arc not easily digested. If adul- 
terated with aniiual fat it generally remains in a solid 
state. Plantains, hoik'd potatoes, and other vegetables, 
suet, brains of animals are said to liave been found in 
solid ghee. 

In cold weatlier good ghee should be clear, white, and 
solid, with a very faint agreeable odour. If dirty or bad 
smelling it sliouid be condi'iuned. 

The presence of vegetalile oils can b(‘ di'teeted by the 
following test : 

Talo' one ])art of the susjx'cted ghee and four ])arts of 
chioroform in a test-tube and agitate liy adding a few 
drops of ])hosphomolybdic acid ; on allowing the test-tube 
to stand, a green ring will be notieed at the junction of the 
two substances. 

Animal fat may be detected by the following tests : — 

1 . Take eipial parts (3 c.c.) of glacial aei'tic acid and the 
suspected glu'c in a test-tube and dip it in warm water, 
agitate frequently and note the tem])eraturc at which the 
ghee melts. If it mc'lts at a tempi'rature between 29‘^C. 
and 39'^P. then it may be taken as a good sample. But 
if the melting temperature be higher than this then it 
indicates aduH ('ration with animal fat. An abnormally 
low figure suggests eocoanut oil. This is known as the 
Vak'iita test. 

2. Sliake well in a test-tube dilute carbolic acid (9 
parts of th(‘ acid with one of water) 2} jiarts, with ghee 
one part. Allow it to stand, when the animal fat will 
rise to ilie top, wliile the butter fat or ghee will be dis- 
solved by the acid. 

3. R^’fractive Index. This is determined by means of 
a special instrument called refraetometer. At 35®C. it 
varies h^r butter from it® to 49®, and on an average 46°. 
Cocoanut oil gives about 43®. 
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BEVERAGES AND CONDIMENTS 

Beverages 

Beverages arc substances which by enabling food to be 
taken with pleasure and relish act as food accessories. 
They appear to stimulate digestion by acting on the 
digestive organs, either directly, or through the central 
nervous system. 

Water is the universal beverage, and all other bever- 
ages contain water more or less. The utility of water in 
the human economy has already been discussed. It 
must be stated Iktc that absorption of water does not 
take place in the stomach at all, and no sooner does it 
reach the stomach than it begins to flow out into the 
intestines, and the rapidity with which it passes through 
this organ makes it a very dangerous vehicle of infection. 
Therefore contaminated water is more dangerous as a 
carrier of disease than infected milk. Roughly, it takes 
about an hour for a pint of water to leave the stomach. 
Hot water excites the movements of the stomach and 
tends to open the pylorus. 

Aerated and Mineral Waters , — Artificial mineral waters 
are prepared by dissolving in water salts of soda, lime, and 
magnesium, commonly present in natural water, and then 
charging it with COg gas. Mineral waters when derived 
from natural springs, besides containing some natural 
ingredients, are impregnated with COg gas. 

Mineral or aerated waters have a sharp pleasant taste, 
and mineral water, of all other beverages, promotes the 
chemical process of digestion. The COg gas by stimulat- 
ing the movements of the stomach helps the mechanical 
process of digestion, and by lowering the sensibility of 
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the nerves of the stomach acts as a gastric sedative. When 
added to milk, aerated water causes it to coagulate in 
small flakes, and when used with acid wines, neutralises 
the inhibitory action of the wine on the saliva. Aerated 
water is not always sterile ; excepting perhaps the comma 
bacillus, many other organisms thrive in COo gas ; more- 
over, aerated water is often prepared from water not 
always above suspicion. 

Besides the above, beverages commonly used may be 
divided into : 

A. Non-fermented drinks, and 

B. Fermented drinks, 

A. Non-feiimented Drinks 

Tea. — A hot infusion of the leaves of various plants is 
used as a beverage in almost all parts of the world, but the 
most important and widely used of all is tea. Tliis eon- 
sists of the dried leaves of a shrub called Caynellia thea 
mostly cultivated in China, Japan, India (chiefly in 
Darjeeling and Assam), and Ceylon. The leaves from 
the top of the shoot, ^.e., the youngest ones, containing 
least fibre and abundant juice, arc called in India flowery 
or orange pekoe, and form the best variety of tea. The 
leaves from just below and larger than the above set are 
called pekoe, and those lower than that are souchong. 

The leaves uncurl when placed in hot water and are 
oval or lanceolate with serrated margin, but the serrations 
do not reach up to the attachment of the stalk. The 
primary veins run out alternately from the mid-rib nearly 
to the border with looped venations. The apex is 
notched. 

The chief difference between green and black tea 
depends upon the time of gathering the leaves and the 
mode of treatment. Black tea is fermented which renders 
the tannic acid less soluble. Green tea is prepared from 
the younger leaves, which are roasted soon after gather- 
ing. It contains more tannic acid, more volatile oil, 
and less caffeine than black tea, so it is less stimulating 
and more astringent. 
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The composition of dry tea is caffeine 1 to 4 p.e., a 
minute trace of theophylline, and a volatile oil 0.6 p.e. 
which imparts the flavour and odour, and a larijfe amount 
of tannic acid which prceh)itatcs albumin, gelatin and 
alkaloids, and is strom^ly astringent. Hut tlu‘ pereentai^e 
of tannin is orenlc r in India tea, if infused lonufer, than 
in China tea. Durmc^ infusion about 25 ])cr cent, of ihe 
wcicfht of the leaves is dissolved out. Caffcanc begins 
to dissolve out directly the infusion has started. The 
tannic acid dissolves slowly and th(' longer th(‘ tea is 
infuscal th(‘ more will it be dissolved. 

Mode of Preparation. The proper method, of ])rcparin<T 
tea should be by infusion and not by deeoeiion, the 
infusion never to last for more than liv(‘ minutes. If 
infused for a lonijf time not only are too much soluble 
matters extracted, but the tea loses much of its delicate 
aroma. The water should just come to th(' boil, as ])ro- 
longed boiling* makc's it Hat ; it sliould neither be too soft 
nor hard ; hard water interferes with the exiraetion of 
some of the ini^redients of the leaves. Tlie amount of tea 
used in m ikini^ a cup represents 1 to 2 ers. of eafh'ine, 
while coffee I j- to 3 j]frs., but some of th(' caffeine is ahvays 
left behind. Tea leaves contain more of the caffeine 
than coffee, but much less tea is used ]ier cup. 

^idulteration of Tea. —Tea is often adulterati'd with 
leaves of willow, sloe, oak, etc. ; used leaves arc somedimes 
mixed with fresh oiu'S or coloured. Catechu and salts of 
iron are added to increase astrin^eney. 

Coffee. -As ordinarily used it is the seed of Caffea 
arahica. The seeds are first roasted and then ground 
to ])owder, when they are ready for use. The roasted 
coffee contains 0.6 to 2 p.e. of caffeine, a small amount 
of caffeol and a lar^^e amount of tannic acid. Caffeol is 
the empyreumatie oil develo])ed in the process of roast - 
u\a. It is the source of the flavour and aroma of the coffee. 
The tannic acid unlike that of tea does not precipitate 
altiumin, cfelatin or alkaloids and is not astrin^]fent. The 
aromatic oil is very volatile and deteriorates rapidly on 
keeping ; coffee should therefore be prepared fresh after 
roasting. During infusion about 25 per cent, of the coffee 
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is dissolved out. French coffee contains chicory, and at 
times burnt su^nir ; in fact, coffee is larr^ely adulterated 
with chicory. Dates, arrowroot, beans, maize, and acorns 
are also used as adulterants. Imitation coffee beans are 
composed of pellets of roasted wheat flour, or wheat flour 
and chicory or sawdust. Rye, corn and barley arc also 
mixed with wheat for the sanu^ purpose. The substitutes 
for (*offc‘c ar(‘ easily detected by the fact, that unlike true 
coffee bean, which unless over roasted, floats after roast- 
ing, they usually sink to the bottom of a glass of 
water. 

Preparation of Coffee . — There arc three methods of 
preparing coffee : — 

1. Filtration, In this process boiling water is allowed 
to percolate through finely ground coffee. Air should 
be excluded as much as possible, or else oxygen will alter 
the aroma. This proc(‘ss dissolves only 11 to 15 per 
cent. ofthccoffc(\ 

2. Infusion. This is the common method. It is said 
to rcaliicc* tlie exciting influence of strong coffee without 
destroying its aroma. 

3. Decoction. -This method is principally used in 
Turkey. The coffee seeds arc ground to powder and 
placed in cold water which is then boiled. This is 
generally taken without straining. 

Cocoa. -Cocoa is a powdery preparation made from 
chocolate by riunoving a portion of the fat by hydraulic 
pressure with or without heat. The dried residue is 
ground to fine powder so that it may be more readily 
mixed Avith water. The pro]iortion of theobromin in 
cocoa is somcAvhat higher than in chocolate. It is not so 
widely used as tea or coffee, and not so ]) 0 ]iular a beverage 
with the Indians. Cocoa is derived from the seeds of the 
fruits of the plant Theohroma cacao. 

The beverage ‘‘ cocoa ” is made by boiling the powder 
with water or milk for at least five minutes so that its 
starch may be properly hydrolysed, otherwise it is nothing 
but a crude mixture from which the powder tends to 
separate. Made with milk and sugar it has a high food 
value. 
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Chocolate is the paste made from the ripe seeds after 
they have been sweated, dried, roasted and deprived of 
their shells. The sweating or fermentation process 
deprives practically all the tannin and some of a bitter 
substance present in the ripe seeds ; roasting brings out 
the flavour. Chocolate contains theobromine 0.3 to 2 p.c., 
starch 10 p.c., vegetable protein 15 p.c., cocoa butter 30 to 
50 p.c. It is sweetened with sugar and often flavoured 
with vanilla. It is highly nutritive and has been shown 
to be almost completely digestible. 


Actions and Uses of Tea, Coffee, and Cocoa 

Coffee and tea arc not nutritive in themselves, and 
require no digestive process for their absorption. Addition 
of milk or cream and sugar however changes them into 
food. In tea the tannic acid precipitates the coagulable 
protein of the milk. But the precipitate digests in the 
gastric juice. Coffee and tea habits are common amongst 
brain workers. Many elderly people find tea particularly 
satisfying and soothing after reaching a period of life 
when the functional activity of the stomach is weakened. 
Coffee is less liable to produce flatulence than tea, and, 
therefore, should be preferred in cases of flatulent dys- 
pepsia. Strong infusions irritate the mucous membrane, 
especially when taken on an empty stomach, and may 
either excite or keep up a condition of chronic gastric 
catarrh. 

Taken in moderation tea gives a feeling of comfort 
and increases bodily and mental vigour. As a stimulant 
it differs from alcohol in that it is not followed by de- 
pression. In villages where the water-supply is not 
above suspicion it is always safe to have a cup of tea 
instead of water. Though the danger from infection 
through water is diminished by boiling, such water is not 
palatable, and the addition of tea makes it an agreeable 
drink. Strong infusions taken in large quantities often 
cause constipation, though with some they act as laxa- 
tives. Tea should be avoided in dyspepsia, gastric irri- 
tability, constipation, anaemia, insomnia and nervousness. 
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Coffee causes stimulation of the nervous system, and 
there is a feeling of exhilaration and diminution of the 
sense of fatigue. Strong coffee taken after dinner tends 
to retard the digestive process, it should therefore be 
avoided by dyspeptics. Caffeine lessens the feeling of 
hunger but does not prolong life in cases of starvation, 
and it increases tissue waste. In comparative experiments 
with whole companies of soldiers on the march under like 
conditions, Leistenstorfcr, on behalf of the German 
government, found that when the soldiers were well 
supplied with food, those that were given tea or coffee 
could endure more prolonged and more severe marches 
than those that did not get tea or coffee. If no food was 
supplied fatigue appeared first in the tea and coffec- 
drinkers. Tea and coffee therefore increase the power 
for continuous physical work so long as the supply of 
nutritive material is ample, but cause early exhaustion 
when food is withheld (Bastedo). Excess of coffee drink- 
ing causes nervous disturbances, palpitation, insomnia, 
and liability to attacks of neuralgia, hysteria, and 
epilepsy. 

From the chemical composition of cocoa it appears to 
be a valuable food of much nutritive value ; a cupful of 
beverage prepared as above with about 10 grms. of cocoa 
gives a nutritive value of about 150 calories. Such a drink 
may be taken by invalids for its food value. Chocolate, 
however, is of more value, and half a pint of milk and two 
ounces of chocolate yield about 400 calories. 

Sherbets. — ^These are non-aerated sweetened drinks 
widely used in India as refreshing and cooling beverages, 
especially in summer. They are ordinarily prepared by 
dissolving sugar, sugar candy, etc,, in water and flavoured 
with either lemon juice or some other flavouring 
agents. 

Cocoanut Water. — This is largely used in certain parts 
of India, especially in Bengal, as a refreshing drink, and is 
useful in cases of acid dyspepsia, especially when taken 
after meals. It has an acid reaction with a specific gravity 
of 1020 to 1030, and contains 0.92 per cent, of protein, 
0.62 per cent, of carbohydrates, and some salts. Where 
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good water for drinking purposes is not available it is 
always safe to use eocoanut water. 

B. Fekmextkd D junks 

Almost all fermented drinks contain a elunnical subs- 
tance of a [)owerful niiture commonly known as alcohol. 
The distinctive eliaractc^r of alcoliolie drinks depends 
on the particular kind of sugar or yeast used in their 
fermentation. 

Alcoliolie beverages for convenience' of description 
may be groupe'd under the following heads 

I. Be er or malt liepior. 

II. S])irits. 

III. Wines. 

IV. Country S])irit or Arrak. 

Toddy. 

Alcohol consists of three' ek'me'uts, viz., IT, anel O, 
and IS re presen t('d by the formula CgHoO. It is gt'nerally 
prepared by the* fermentation of sugar by which it is split 
up into alcohol and carbonic ae*id as follows : 

^^6Hi20c--2C2lI«() f 2CO,. 

Pure alee>hol is lighter than water and mixes with it 
very reaelily. It is ve*ry inflammable', and when mixed 
with water heat is evolveel. AVhen ineire' water is adeled 
it burns less re'aelily, and finally it does not burn at all. 
The term proof spirit e>wa‘s its origin te) this jiroperty of 
alcohol. Alcolu)! when we'aker than proof spirit is known 
as under proof and w^hen stronger as over proof. 

I. Beer or Malt Liquor. Under this head are included 
beer or ale, porter or stout. Beer is the* jiroeluet eif tlic 
fermentation ejf malts anel ho]^s. Porter anel steiiit arc 
prepared almost in the same way as beer, but the malt is 
first roasted like coffee, and the colour is elue to earamclisa- 
tion of sugar. 

The chief constituents of malt liquor are : alcohol, 
dextrine, sugar, vegetable acids, and some soluble nitro- 
genous matter. 

II. Spirits. "The chief difference between spirits and 
other alcoholic beverages is that the former are products of 
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distillation and contain a certain percentage of alcohol. 
Roughly, spirits arc compounds of alcohol and water, but 
each kind has its characteristic flavour due to the fermen- 
tation of various by-products during the process of 
preparation. Spirits are prepared by fermentation of 
various saccharine substances, and any substance capable 
of yielding fermentable sugar may be utilised in their 
manufactun*. 

{a) IVhisJxij. —This is often described as a spirit obtain- 
ed from fermented grain by distillation, and contains 
from 48 to 56 ]>er cent, by volume of alcohol. It should 
be free from disagrc'cable odour and not less than two 
years old. There are two kinds of whisky : — 

(^) Alalt Whisky made in pot stills ; the peculiar smell 
is derived from the peat smoke. 

f {ii) Grain Whisky. — This is jirepared from cereals — 
barley, rye, or maize — to which a little malt is added to 
convert tlu‘ starch into sugar. These are distilled in 
patent stills by v/hieh some of the by-products of fer- 
mentation (fusel oil, etc.) are also separateal. P^xeitement 
and a tendency to fury are caused partly by th(‘ powerful 
intoxicating ])ro])erties im])arted to the spirits by its 
admixture with fusel oil, etc. 

(/;) Brandy. This may be defined as a distilled wine, 
and therefore varies in (piality with the character of the 
grapes used. \Vhen freshly distilled it is colourless and 
very strong. It improves with age due to the formation 
of volatile ether and aldehydes. Ordinarily it is not 
distilled from wines but prepared from “ silent spirits ” 
and coloured with burnt sugar, and flavounnl. When 
prepared from wines it is one of the ]nirest and least 
injurious form of spirits, and usually contains 45 to 55 
per cent, of alcohol. 

(c) Rum. — It is prepared by the fermentation of 
molasses, but the best variety is obtained from the direct 
fermentation of the jiiiee of sugar cane. The colour is 
due to Inirnt sugar and improves in flavour by the develop- 
ment of ether. AVdien kept in oak barrels it accpiires an 
astringent property and is less irritating to the stomach. 
It contains from 50 to 60 per cent, of alcohol. 

14 
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{d) Gin , — This is obtained by the fermentation of a 
mixture of rye and malt and flavoured with juniper berries, 
cardamoms, and other aromatics. It contains 40 to 50 
per cent, of alcohol. 

{e) Liqueurs , — These are spirits sweetened with cane 
sugar and flavoured with aromatic essences and contain 
about 33 to 35 per cent, of alcohol. 

III. Wines. — Wine is the result of fermentation of 
grape juice, and, in case of sparkling wine, of a secondary 
fermentation of added sugar. The chief constituents of 
the juice concerned in the fermentation are : sugar — 
wliich is a mixture of grape sugar or dextrose, and fruit 
sugar or levulose — albuminous matter, tartaric and tannic 
acids. The presence of albuminous matter is important, 
for the yeast lives on it and splits up sugar. Natural 
wines can never be stronger than 16 per cent, of the 
volume, for the accumulated alcohol has a paralysing 
effect on the yeast. If the wine contains more alcohol, 
spirit must have been added, when it is called “ fortified 
wine.” Substances which influence the action of wines 
are 

1. Ethylic alcohol and other higher alcohols. 

2. Acids — ^Tartaric, tannic, and malic acids are the 
natural acids ; tartaric acid is present in the form of 
bitartrate of potash. 

3. Sugar. — ^A natural wine contains about ^ per cent, of 
sugar, fortified wines in which the fermentation has been 
checked contains as much as 2 per cent. 

4. Ethers are produced by the action of alcohol and 
acids, and two varieties, viz., volatile and fixed ethers, are 
present. 

The principal natural wines are : — 

Claret, containing 8 to 1 3 p(‘r cent, of alcohol by volume. 

Burgundy resembles claret. It contains a higher 
percentage of alcohol and is richer in extractive matters. 

Hocks arc pale wines and have the strength of claret. 

The fortified wines are : — 

Sherry, contains about 15 to 22 per cent, of alcohol by 
weight. With age sherry develops a larger proportion of 
volatile ether than any other alcoholic liquor. 
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Port Wine contains 15 to 20 per cent, of alcohol by 
weight. 

Champagne is prepared front) black grapes. Strictly 
speaking it should be a natural wine with 9 to 12 per cent, 
of alcohol by weight. 

IV. Country Spirit or Arrak.— These are prepared by 
fermentation of either rice, mohua {Bassia latifolia)^ 
molasses or gur (treacle). In case of molasses, gur or 
mohua, the sugar is already formed and requires 
dilution with water. But in rice the starch has to be 
converted into sugar before fermentation. It contains 
about 40 per cent, of pure alcohol by volume (30° under 
proof). 

V. Toddy.— It is the fermented juice obtained from the 
spadix of the fan palm, bastard date, and coeoanut. 
When the fresh juice is exposed to the sun for about ten 
hours fermentation sets in, due to the conversion of sugar, 
contained in the juice, into alcohol ; the fermentation is 
the result of the multiplication of the yeast-fungus con- 
tained in the liquid, and the frothing is due to the produc- 
tion of carbon dioxide gas during fermentation. It 
contains about 5 per cent, of alcohol and resembles beer in 
its effects. The yeast is widely used in the preparation 
of bread. Toddy is largely consumed by the poorer 
classes as a cheap intoxicating drink. Spirit may be 
distilled from toddy. 

Actions and Uses of Alcohol 

Alcohol when taken into the stomach is freely absorbed, 
therefore it requires no digestion. It increases the secre- 
tion and stimulates the muscular activity of the stomach : 
There is a consensus of opinion that alcohol when immo- 
derately taken retards digestion and leads to degeneration 
of the alimentary tract. Liqueurs taken after a heavy 
meal give a fillip to digestion and often counteract the 
bad effects of tea and coffee when taken at the same 
time. 

The absorption of alcohol is very rapid, and it is found 
to circulate in the blood within fifteen minutes after 
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ingestion. If freely indulged in, it causes a permanent 
dilatation of the vessels of the face, especially of the 
nose. 

Some important effects are also produced on the brain 
chiefly through the circulation. When the cerebral 
vessels arc dilated, intellectual activity may for the time 
being be so much increased that the person is enabled to 
perform increased intellectual work. Thackeray, for 
instance, got some of his best thoughts “ When (iriving 
home from drinking with his skin full of wine.” 

A food is a substance which helps to build tissues or 
furnish energy. We have already seen that proteins are 
responsible for building or reconstruction of tissues, while 
carbohydrates and fats are responsible for the production 
of energy. The question whether alcohol is a food has 
been much discussed, and from its chemical composition 
it is evident that it has no power to build tissues, w(‘ might 
therefore enquire wh(‘th(‘r it can supply energy. Alcohol 
possesses the power of l(‘ssening protein destruction 
though inferior to carbohydrate and fat. It is chemically 
allied to sugar and undergoes combustion in the body ; 
it therefore furnishes some energy to the organism, and the 
chief claim of alcohol to the name of food is due to the 
fact that it will helj) to support life if given along with 
other food. It may therefore serve as a uscTul food in 
some conditions of great exhaustion or waste, where the 
tissues would otherwise be broken down to furnish the 
energy to maintain life. But while undergoing combus- 
tion in the body it tends to lessen the combustion of oth(‘r 
substances. Consequently for ordinary persons alcohol is 
a very unsuitable form of food ; moreover, the actual 
amount of energy yielded by the permissible doses of alco- 
hol is very small and promotes heat dissipation, a loss 
which must have to be counteracted by the heat resulting 
from its own oxidation. Alcohol therefore may have a food 
value under special conditions, but should not be classed 
with foods, because its property of yielding energy is not 
its chief virtue, and is overshadowed by other important 
and untoward actions, viz : — (1) Its irritant local action ; 
(2) Its destructive action upon the body tissues ; (3) Its 
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narcotic action ; (4) Its proneness to formation of a 

vicious habit (Bastedo). 

Of the different forms of alcoholic drinks malt liquors, 
eontaining, as they do, large quantities of carbohydrates, 
are most nourishing. l l oz. of bread contains as much 
carbohydrate as a pint of good ale. While a glass of milk 
yields about ]84 calories, the same quantity of good beer 
will yield 168. 

Does alcohol increase neuro-mnscular activity ? It 
has been proved that while alcohol may lead to a tem- 
porary increase of muscular activity it reduces the total 
output of work. The testimony of some of the experi- 
enced military experts is against the use of alcohol by 
soldiers in campaigns. 

By its use the function of the brain is augmented, 
but this increase of mental and physical power is followed 
by a stage of diminished mental activity. It is mostly 
b('cause alcohol rcilaxes the control over emotion that its 
so-called stimulant action is due, but this is very soon 
succeeded by the narcotic effect. Drunkenness caused 
by s])irit is likely to be furious ; that by wine, gay ; and 
that by beer, stupid. 

The question how much alcohol can be given to a person 
safely depends on a variety of circumstances. It is more 
harmful to those with sedentary habits than to those 
leading active and outdoor lives. Its effects also depend 
on the kind of beverage used. A glass of old and mature 
whisky is less injurious than the same quantity of raw 
spirit. For continuous use an ounce and a half of pure 
alcohol is all that can be utilised as a food in the human 
body daily. Roughly, oz. of pure alcohol equals 
8 oz. of whisky or brandy which is equal to P<^gs, or is 
equivalent to 7 oz. of sherry, 15 oz. of champagne, claret, 
or white wine. 


Condiments 

The use of certain substances along with food, which 
though properly speaking cannot be classed as such, but 
which give relish to the food, is almost universal. These 
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are food accessories, and better known as condiments. 
Pawlow has shown that palatable and appetising food 
before reaehingthe stomach excites salivary, gastric, and 
pancreatic secretions. Besides giving flavour and im- 
proving the appearance of the food and thereby exciting 
the secretion of the digestive juices, condiments relieve 
flatulent distension occurring from fermentation in the 
intestines. Next to salt the most useful condiments 
are mustard, pepper, vinegar and ginger, but much 
difference of taste exists in the use of condiments. From 
long continued association certain condiments appear to 
serve best with certain food, thus mustard is associated 
with ham, black pepper with eggs, lemon and salt with 
rice, and when deprived of the usual relish the food tastes 
insipid. Substances especially useful for this purpose are 
those obtained from the N. 6. Lahiatce and IJ mb el lifer w. 
The condiments commonly usea are : — 

Vinegar , — This is crude acetic acid and contains 3 to 4 
per cent, of glacial acetic acid. Vinegar has well known 
antiseptic and preservative pro}>erties, hence it is used for 
pickling fish, fruits and vegetables. It also softens hard 
muscle fibres of meat and cellulose of green vegetables. 
It is largely used with salads. 

Mustard . — This is the powdered seed of the black and 
white varieties of Sinapis nigra and alba. Pure mustard 
contains 14 per cent, of carbohydrate, 0.66 per cent, 
of volatile and 35 per cent, of fixed oil. Although it 
does not greatly stimulate the gastric secretion, many 
persons find that it increases to a certain extent the 
appetite and often produces a sensation of warmth or 
a feeling akin to hunger. The expressed oil obtained 
from the seeds is extensively used in cooking by the 
Indians in preference to the powder. The powder from 
the black variety is often used for the preparation of 
curries, etc. 

It is often adulterated with starch, raising the percent- 
age of carbohydrate over 65 per cent., or the oil may be 
abstracted, reducing it to as low as 7 per cent. Cayenne 
pepper is often added to make the taste sharper and like- 
wise to colour. 



BEVERAGES AND CONDIMENTS 


215 


Black pepper, cardamom, cloves, chillies, pod-pepper, 
coriander, anise, etc., are all used in the preparation of 
different articles of food to give colour, flavour, or taste. 
Powdered and mixed together they are sold as “ curry 
powder.” 

Mustard Oil. — Mustard oil, even more than butter, 
ghee, or fat, is extensively used in India, especially in 
Bengal. It enters into the dietary of most of the people, 
both rich and poor. In fact, it is the only source of 
body fat with the poor, who can ill afford to take either 
milk or ghee, in their dietary. The essential oil which 
it contains imparts to the food a flavour not obtainable 
by any other oil. 

Mustard oil is prepared by expression of the seeds, of 
whieli there arc three varieties, the colza (Brassica dicho- 
toma), the rape {B. glauca), and the rai (B. junce). The 
yield of the oil varies ; roughly one maund of mustard 
seeds will produce about 15 seers of oil. 

The oil is extensively^ adulterated. Excepting that 
which is manufactured in the jails, the oil is adulterated 
with some form of mineral oil (Batch oil or Hloomless 
oil). The oil seeds usually employed as adulterants are 
surguja or niger seeds, poppy seeds, til or sesame oil 
{Sesamiim indicMm), ground nut oil and mohua oil {Bassia 
latifolia), etc. 

Turmeric {Curcuma This is also used as a 

condiment. Used in the form of a powder it acts as a 
carminative and improves the colour of cooked materials. 
The fishy smell is removed when fishes are cooked aJong 
with it. 

Lemon. — The juice of fresh lemon is also much used, 
and acts as an antiscorbutic owing to the presence of 
antiscorbutic vitamin. Addition of lemon juice to some 
food, e.g., rice, boiled fish, etc., not only gives a flavour 
but renders them more digestible, and it may be regarded 
as having an almost specific action in promoting 
gastric digestion. Preserved in salt it is used as an 
appetiser. 

Green mangoes, green olives, tamarinds, etc., are all 
used as chutneys or tarts. 



216 


HYGIENE AND PUBLIC HEALTH 


CALCUTTA MUNICIPAL ACT 
Sale of Articles of Food and Drink generally 

See. 493. (1). — No person shall, without a license from the Chairman, 
sell any four footed animal or any meat of fish intended for human food, in 
any place other than a Municipal or private market. 

"^Sec. 495. (1). — No person shall sell to the prejudice of the purchaser 
any article of human food or drink which is not of the nature, substance, 
or quality of the article demanded by such purchaser ; and no person shall 
manufacture for sale any article of human food or drink which is not of the 
nature, substance or quality which it purports to be : Provided that the 
offence shall not be deemed to be committed under this section in the 
following cases, that is to say : — (a) Where any matter or ingredient not 
injurious to health has been added to any article of food or drink because 
the same is required for the production or preparation thereof, as an 
article of commerce in a state lit for carriage or consumption, and not 
fraudulently to increase the bulk, weight or measure of the article or 
conceal the inferior quality thereof ; or (b) where any article of food 
or drmk is unavoidably mixed with some extraneous matter in the pro- 
cess of collection or preparation. 

Sec. 490. — No person shall expose or hawk about for sale any animal, 
carcase, meat, poultry, game, fish, Iruit, vegetable, corn, bread, flour, milk, 
ghee, butter or other article intended for human food which is diseased, 
unsound, unwdiolesome or unfit for human food. 

THE BENGAL FOOD ADULTERATION ACT, 1919 
(Bengal Act VI of 1919) 

1. In exercise of the power conferred by sub-section (3) of section 
1 of the said Act, the Governor in Council is also pleased to dir(‘ct that the 
operation of the Act shall be limited to the following articles of food : — 
(a) milk, (b) butter, (c) ghee, (d) wheat-Jlour, (c) mustard oil, and (f ) tea. 

Under this Act the substances mentioned, respectively, against the 
articles of food named below are their normal constituents : — 

Milk shall bo the normal, clean and fresh secretion obtained by * 
completely milking the udder of the healthy cow (or buffalo), properly 
fed and kept, and has a specific gravity of 1028 to 1030 at 15.50® C. 

Butter is the substance usually known as butter made exclusively 
from milk or cream or both, with or without salt or other preservative 
and with or without the addition of colouring matter. 

Ghee is the pure clarified milk fat of the buffalo or cow and has a 
butyro-refractometer reading of not less than 40 and not more than 42 at 
40® C. and a Reichert-Wollny value in the case of cow’ ghee of not less 
than 24, in the case of buffalo ghee of not less than 30 and in the case of 
mixed cow and buffalo ghee of not less than 28. 

Wheat-flour is the fine clean sound product made by milling wheat 
and bolting or dressing the resulting wheat meal and contains not less than 
8 per cent, of gluten and not more than 2 per cent, of ash. 

Mustard oil is the fixed oil expressed or extracted from mustard seed 
and has a saponification value of not less than 169 and not more than 
176 and an iodine value of not less than 96 and not more than 108. 
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Tea is the leaves and buds of various species of Thea prepared by the 
usual trade processes. It contains between 4 and 8 per cent, of total ash, 
the proportion of this ash soluble in boilmgr distilled water being not less 
than 40 per cent. The extract obtained by boiling one part of tea with 
100 parts by weight of distilled water for one hour is not less than 30 per 
cent, (The tea used m determining the percentage of total ash and extract 
is “ dry tea/' that is, tea dried to constant weight at 100 degrees C.) 

2. In respect of the articles of food named below, of which the 
normal constituents have been declared undei section 4 of the Act, the 
dcflciencics in their constituents or additions of extraneous matter or 
proportions of water mentioned against each article of food shall, for the 
purposes of the Act, raise a presumption, until the contrary is proved, that 
the particular article of food is not genuine or is injurious to health : — 

1. M'llk, — (a) Where a sample of cow’s milk contains less that 3.5 
per cent, of milk fat, the milk is not genuine, by reason of the abstraction 
therefrom of milk fat or the addition thereto of water, 

(b) Where a sample of buffalo milk contains less that G per cent, 
of milk fat, it shall be presumed, that the milk is not genuine for the same 
reason. 

(c) Where a sample of cowl’s milk contains less than 8.5 per cent, 
of milk solids other than milk fat, it shall be presumed, that the milk is 
not genuine, by reason of the absti action thcrefiom of milk solids other 
than fat or the addition thereto of 'water. 

(d) Where a sample of buffalo milk contains less that 9 per cent, 
of milk solids other than milk fat, it shall be presumed, that the milk is not 
genuine. 

2. Butter. — Where the proportion of water in a sample of butter (not 
being sold and labelled as Ghatal butter) cxeccds 10 per cent., it shall 
bo presumed, that the butter is not genuine, by reason of the excessive 
amount of water therein, 

3. ]Vheat-fiour. — (a) Where the proportion of ash in a sample of 
wheat-liour exceeds 2 per cent., it shall be presumed, that the wheat-flour 
is uot genuine by reason of the excessive amount of extraneous mineral 
matter therein. 

{b) Where the proportion of gluten in a sample of wheat-flour con- 
tains less than 8 per cent, of gluten, it shall be presumed, that the wheat- 
flour is not genuine, by reason of the deficiency of gluten therein. 

4. Ohce. — (a) Where m auy sample of ghee the butyro-refractometor 
reading at 10° C. is less than 40 or more than 42, it shall be presumed, that 
the ghee is not genuine, by reason of the addition thereto of extraneous 
fat or oil. 

(6) Whore in a sample of cow^ ghco, the Relchert-Wolluy value is less 
than 24, it shall be presumed, that the ghee is not gciuime, by reason of 
the addition thereto of extraneous fat or oil . 

(c) Where in a sample of buffalo ghee, the Reichert- Wollny value Is 
less than 30, it shall be presumed, that the ghee is not genuine, for the 
same reason. 

(d) Where in a sample of mixed cow and buffalo ghee, the Roichert- 
Wollny value is less than 28, it shall be presumed, that the ghee is not 
genuine 
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5. Mustard oil, — (a) Where In a sample of mustard oil, the saponi- 
fication value is less than 169 or more than 176, it shall be presumed, that 
the mustard oil is not genuine by reason of the addition thereto of extra- 
neous oil, 

(6) Where in a sample of mustard oil, the iodine value is less than 
96 or more than 108, it shall be presumed, that the mustard oil Is not 
genuine by reason of the addition thereto of extraneous oil, 

6. Tea , — Where the proportion of total ash (determined on dry tea, 

that is, tea dried to constant weight at lOO^C.) is below 4 per cent.. 
It shall be presumed that the tea is not genuine by reason of the 

abstreiction therefrom of soluble matter ; when the proportion of total 

ash (determined on dry tea, that is, tea dried to constant weight 
at 100°C.) is over 8 per cent., it shall be presumed that the tea is not 
genuine by reason of the addition thereto of extraneous matter ; when 

in the total ash, as determined above the proportion of ash soluble 

in boiling water is loss than 40 per cent., it shall be presumed that the tea 
is not genuine by reason of the abstraction therefrom of soluble matter ; 
when the extract obtained by boiling dry tea (that is, tea dried to constant 
weight at 100°C.) with 100 parts by weight of distilled water for one hour 
is less than 30 per cent., it shall be presumed that the tea is not genuine by 
reason of the abstraction therefrom of soluble matter, where leaves are 
present not conforming in structure to those of the Camellia genus, it 
shall be presumed, unless the contrary is proved, that the tea is not 
genuine by reason of the addition thereto of extraneous matter. Tea 
shall bo derived exclusively from the leaves and buds of plants of the 
“ Tea species. 



CHAPTER XII 


COLLECTION, REMOVAL, AND DISPOSAL OF 
REFUSE 

In every town, public health largely depends on the 
effi^ncy with which all refuse — excreta (faeces and urine), 
and other house refuse (ashes, dust, slop-water, etc.) — is 
collected and removed. This may be effected by the 
following methods ; — • 

I. Scavenging. — This includes the collection and re- 
moval of ashes, dust, sweepings, and other domestic and 
trade refuse by manual or mechanical labour. 

II. Conservancy or the Dry System.— In this system 
slop water is got rid of by drains, and solid and liquid 
excreta are collected from privies by either hand or by 
mechanical means. 

III. Water-Carriage or the Wet-System. — This con- 
sists of removal of human excreta along with the liquid 
refuse of houses by a system of drains and sewers to some 
place outside the town limits. 

I. SCAVENGING 

Town and house refuse consists principally of organic 
substances derived from articles of food, dust, and a certain 
amount of mineral matter ; but it varies with the season 
of the year and habits of the people. In places like 
Calcutta refuse consists principally of street sweepings, 
kitchen refuse, vegetables, waste paper, ash, broken glass, 
bits of metals, rags, feces of animals, specially of cows, 
horse, buffalo and dog, etc. Organic refuse has a tendency 
to undergo putrefactive changes, when it gives off an 
offensive smell and serves as a breeding-place for flies, 
and provides food for rats, vermin, etc. ; hence the neces- 
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sity for its early removal. The refuse is received either 
in ashpits or dustbins, as their deposit on the roadside is 
objectionable because they are liable to be carried about 
by the wind, or washed out of the hcaj) during? rains. 
Dustbins arc best made with corrugated iron. They 
should not be too lar^c ; the simplest shape bein^ a 
circular one open at both ends, provided with a pair of 
handles. They should be placed on a raised, concreted 
and cemented surface, always at a fair distance from 
any dwelling-house, and provided with a cover. In India 
owing to the climatic conditions and rains the refuse 
decomposes very rapidly, and flics, mosquitoes and ver- 



Fig. 10 . — Wheelbarrow. 


mins multiply enormously. It is therefore necessary 
that the contents of the dustbins should be removed 
daily, or twice a day, by especially constructed carts. 
These carts are generally drawn by bullocks, horses or 
buffaloes. Motor vans which can be tilted by a mecha- 
nical arrangement are now in use in places like Calcutta 
and Bombay for the collection of street refuse from 
the dust bins. All these refuse carts should be covered 
to prevent nuisance when passing along roads fully loaded. 
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Wheelbarrows are small hand driven carts used to 
collect refuse from narrow lanes and bye lanes where 
refuse carts drawn by bullocks and horses cannot go. 
The refuse is then deposited in the dust bins. 

Disposal of Refuse. — After collection there are two 
methods of disposal of refuse, viz., dujuping and incinera- 
tion. 

1 . Dumping . — In this medhod the refuse is generally 
utilised in fillimy up insanitary tanks, low-lyincf lands 
(reclamation), hollows, etc. This ground should be 
outside the limits of the town and away from human 
habitation, as it creates a serious nuisance and often ^ives 
off most noxious ^ases ; and foul liquid draining fiom the 
heap may pollute the nearest water-supply. Moreover, 
it breeds flies and harbours rats. Materials from dis- 
mantled houses can best be employed for the co veering 
of r(‘fuse heaps or filling up tanks, dobaSy etc. (See Made- 
Soil page 107). 

In most of the towns in india th(' ])ractiee is to throw 
house refuse on the streets at all hours of the day. In 
Calcutta the refuse is taken to the unloading platforms 
wdience it is carried by railway trucks and utilised in 
reclaiming low-lying lands. 

/ 2. One of the best methods of disposal of 

refuse is to render the same harmless by burning. This is 
generally done in a “Destructor Furnace” or “Incinerator”. 
By this process the refuse is reduced to about one -fourth 
bf its original weight, and the organic matter is trans- 
formed into innocuous vapours- - carbon dioxide and 
nitrogen. The residuum left after the combustion is a 
mass of hard material called “ clinkers,” which are 
usually utilised for road-making ; powdered and mixed 
with lime, they form cement. 

Big towms should be divided into districts, and each 
one provided wuth a destructor furnace which may be 
placed in a central position to minimise the expense of 
transport. 

During the last war quite a large number of incinera- 
tors were used, but as fat as the general principles are 
concerned most of them are practically the same, and 
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are modified to meet the local conditions. All incinera- 
tors have the following features in common : — 

1. A furnace or combustion chamber lined with brick. 

2. A suitable arrangement with a platform for tipping 
the refuse through a series of feeding holes through which 
the refuse falls into the cells below. 

3. After the refuse has been brought together by the 
stokers it is burnt down to ^ to J of its original weight. 



Fig. 11. — Incinerator. Longitudinal section. 

A."Ohimney. B, Charging door. C, Openings for stoking. D. Iron 
grating. B. Opening for removing ashes. 


A baffle plate so placed that all fumes are driven 
through the hottest part of the incinerator, or combus- 
tion chamber before passing up the ehimney. 

Both the Meldrum and Horsefall destructors were 
used during the war with considerable success. The 
Meldrum destructor depends for its action upon a forced 
draught produced by a steam jet. When properly used 
it acts very satisfactorily, but needs great care for succes- 
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ful and continuous work {See Fig. 15). The fumes are cre- 
mated by passing through a combustion chamber, which 
separates the furnace from the flue. For a large type it 
is necessary to feed from a platform at the top, the 
material passing directly on to the fire. 

The incinerators built of mud or iron without fire brick 
do not give satisfactory results. They are however 
suitable for fairs and melahs of short duration. The 
“Beehive Incinerator” which was extensively used during 
the war will be found to give very satisfactory results 
under such conditions {see Village Sanitation). A common 
defect in many incinerators is that the draught is not 
sufficient, with the result that they give off offensive smoke 
which creates a nuisance. 

II. CONSERVANCY SYSTEM 

The primary object of this system is to get rid of 
excreta as soon as possible without allowing decomposition 
to set in. Faecal matter should not be allowed either 
to be deposited within a few feet of the atmosphere we 
breathe or decompose for any length of time. The 
accumulation of filth means pollution of soil, air-and water- 
supply, and breeding of flies and consequent disease. In 
small municipal towns for want of sufficient funds it is not 
possible to lay down sewers for the removal of excreta, 
neither can they be allowed to accumulate about the 
house. Hence removal* of excreta by the dry method 
is in vogue in the mofussil. 

An adult European male living on a mixed diet passes 
about four ounces of solid and fifty ounces of liquid 
excreta daily, while an Indian, who is more a vegetarian, 
passes between eight to sixteen ounces of solid. If all 
ages and both sexes are considered, the average daily 
amount of solid excreta per head may be taken at twelve 
ounces. In India water, instead of paper, is used for 
cleansing purposes, and this ablution water together with 
the liquid excreta make up about eighty ounces. '^The 
average daily amount of excreta to be dealt with in a 
mixed population can be estimated by multiplying twelve 
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ounces of solid and eighty of liquid by the number of 
persons. The important constituents of excreta are nitro- 
gen, phosphates, and potash. Fa3cal matter especially 
when mixed with urine, undergoes rapid deeom])osition 
and gives rise to foul gases, chiefly organic vapours and 
ammonium sulphide. This generally happens in the case 
of neglected privies, cesspools, etc. It is a matter of 
practical importance that the excreta should be protected 
from rain and flood water, or else not only will the sewage 
be not eflieiently removed, but the whole mass will under- 
go fermentation and create a serious nuisance. 

Latrines. -People living in villages usually visit the 
gardens or adjacent land for purposes of nature, and faeces 
charged with pathogenic organisms and their spores or 
eggs arc liable to be conveyed by dirty hands and feet, or 
flies to the human system. Furthermore, after rains, the 
wnshings often })ollut(‘ tanks or any source of wate r-supply 
near about, and help in the propagation of disease. It is 
therefore necessary that some arrangement in the shape 
of latrines or privies should be made to overcome these 
defects. 

For practical ])ur])oses an arbitrary distinction is 
drawn betwe'cn a latrine and a privy, A privy for public 
use is a latrine. Tlie following points should be observed 
in the construction of privies : — 

1. Thii design should be such that all excreta and 
washings automatically find their way into some recep- 
tacle, so that no brushing will be necessary. 

2. The materials used should be non-absorbent to 
prevent pollution of the soil through soakage. 

.3. Satisfactory arrangements for the reception of 
night-soil, and separation of liquid excreta, and for the 
cleansing of the same, should be made {sec Fig. IS.). 

4. The trap-door (for the sweeper) should be easily 
accessible, and the passage leading to it should be decent, 

5. Ventilation should be thorough and eflicient, even 
when the doors are closed. 

A service privy resembles the pail system inasmuch 
as the faecal matter is received into a movable receptacle 
of some form. 
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An ideal latrine or privy may be dc^seribcd under the 
following heads 

1. The superstructure which includes the roof and 
the walls. 

2. The floor and the seat. 

3. The collectincjf chamber. 

1. The Roof. The roof may be either terraced or 
slopincf. Slopini? roofs may be of corrugated iron, tiles, 
or orass. Of these eorrugalcd iron is the best to use. 


The xcnlJs may be either of 
brickwork, corrugated iron, 
or bamboo matting. They 
should be pigeon-holed to- 
A^a^ds the u])]xr half foi 
pro]>er ventilation. It is 
better that the roof should 
have an ample ridge ventila- 
tion ; or an 0 })(niing of about 
2 ft. may be left between the 
wall and the roof as shown 
in the figure. Large venti- 
lating holes, each 2 ft. 
square, may also serve the 
same purpose*. 

2. The Floor and the 
Seat. The floor should be 
made* of some im[iervious 
material, c.g., brickwork set 
in cc*ment, slate, stone, or 
iron, and should be sloped 
towards an opening or drain 
leading to a receptacle. Tlie 
best material is either vitri- 
fied brick, marble, or grano- 
lithic cement. These arc non- 



Flo. 12. PKlVA'lK J.ATRINE. 


Showing the super-structure, the 
walls, the collecting chamber 
witii aiitisplash p.-il, and a 
ves-^el for collection of urine 
and water. 


absorbent, and when properly laid make an elegant floor 
which can be easily cleaned, and require no further atten- 
tion. 


The Foot Rests must be in the right position and not 
too wide apart, or else the faeces will not fall into the 


15 
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receptacle below. The sides of the opening should 
be sloped from above downwards and outwards, this 
will do away with the disadvantage of fouling the 
sides. 

3. Hie Collecting Chamber should always be of masonry 
work with the walls and floors cemented and corners 
rounded off to facilitate easy and thorough cleansing. 
The floor should be concreted and raised 6 in. above the 
level of the surrounding ground with a slope leading to an 
opening. The trap-door should be well-fitting and 
properly tarred. 



Fig. 13. — An improved type of Private Latrine. 
Showing the seat arrangement and separation system. 

The Pail or receptacle should be placed about 6 in. 
under the seat to prevent splashing. In some cases this 
distance is very great and may be 8 ft. to 10 ft. or even 
more. The best receptacle is a tarred iron or wooden 
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bucket, or an earthenware vessel (gvmla). Tins should 
be periodically taken out, washed, and tarred. To 
prev^ent splashing s])ecial antisplash pails of galvanised 
iron with a removable conical cover, as shown in the 
figure 12, should be used. These can be fitted with a 
cover and carried directly to the trenching ground, and 
will do away with the use of soil carts. 

The practice of using water for clf'ansing purposes in 
India necessitates a separate arrangemenr. The urine and 
ablution water are carried by a separate conduit or pipe 
and collected into a special receptacle placed at a con- 
venient site in the collecting chamber, while the solid 
excreta fall directly on the bucket. The receptacle for 
the urine and ablution water may be a tarred earthen- 
ware or iron vessel. This separation system has many 
advantages. The liquid being collected in a separate 
receptacle decomposition does not take place so rapidly 
and therefore the latrine becomes less offensive. There 
is less nuisance during removal. Apart from these 
advantages the separation system prevents overflowing 
of the pails, which so often happens when used by a 
large famdy, and the possibility of splashing. To avoid 
splashing people often use any part of the latrine other 
than over the proper opening and thus make it horribly 
filthy. Therefore especially designed platforms and foot 
rests must be constructed to separate the urine and 
ablution water. The figure 13 is a design of such a plat- 
form and mav be made of glazed stoneware, brick-work 
plastered with cement, or of cast iron. This privy is 
designed for better class people. 

Service privies should be at least 6 ft. away from any 
dwelling, to permit a free circulation of air between 
the house and the privies. From a well or a tank they 
should be at a distance of at least 50 ft. The pail con- 
tents should as far as possible be kept dry by throw- 
ing ash, sand, or dry powdered earth into the pail after 
each visit. This has the advantage of lessening the 
emanations of foul vapours. The contents of the pail 
as well as of the cesspit should be removed at least 
once a day. 
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BesicLs the above the follow i irjf m^^thods are also used : — ► 

1. I'he well system. 



Fig. H. — Pit Lvtrine 
(F rom History of the 
Great War). 


2. The open-air privy in 
held. 

8. The trench latrines. 

4. 'flic commode system. 

5. Tile re c( pta el e latrine. 

1. The Well System. - In 
this system there is no movalile 
K'ceptaelc, but the excreta are 
ie(‘ei\(*d in a hole or well, usual- 
ly (5 ft. to 20 ft. deep, sunk in 
the ground. This system is 
most objectionable from a sani- 
tary point of view, as not only 
foul irases are c^o]v(‘d, but 
ther(‘ IS risk of pollution of 
waiter-supply throu^di soiika<^e, 
especially after a rise in the 
level of the sub-soil w^ater. 

A modification of well ])rivy 
is now la rifely used in the* form 
of ‘‘Pit Latrines.” By this sys- 
tem!, provided the site and soil 
are favourable', the' e fleet is 
more or less automatic. The 
excreta are finally and e^uickly 
disposed of, thereby rendering 
any further handlinn unneces- 
sary, which makes the orelinary 
pail latrine so eibjcetionable. 
These were laroely useel in 
Franco durinijf the war. 

(a) The Site. — It should be 
on an elev^ateel lanel a net well 


away from a net betow the water sujiply, so that the flow of 
ground water is away from this sup])Iy. The soil should 
be porous one and the pit should be unlined. A clay 
soil or a soil subject to frequent ftooelings, is unsuit- 
able. The upper layer of the sub-soil water should 
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not be tapped. When there is excess of water bacterial 
action is suspended, and putrefaci.on takes place with 
the production of offensive gases. It is therefore neces- 
sary to keep the pit as dry as possible. Disinfectants by 
killing the bacteria stop the nitrifying process. 

(b) Depth , — This will d(‘pcnd upon the location of the 
site and the nature of the soil. Ordinarily 6 to 8 ft. is 
(uiougli. The number of bacteria diminishes below this 
djptii. 

(c) Seat . — It is better whenever possible to have the 
scat made of w^ood or sand stones. The wood should 
be ant-proof, and tarred or oreosoted all over, and should 
rest on a layer of bricks to make it higher than the adjoin- 
ing groin'd. 

(d) Drainage. -It is essential that a well constructed 
drain to surround the whole building, to carry the rain 
and storm water, should be provided for. 

^2. The Open-air Privy in the Field. — In villages and 
rural areas where no proper arrangement for disposal of 
night -sod exists, people' usually go to some open held or 
waste land to (unpty their bowels and then use a tank or 
any source of wniter available for ablution purposes. 
Such a pra.ctic(‘ should be discouraged as it is very 
insanitary and also the chief factor in spreading hook- 
worm infection. 

8. The Trench Latrines.- These arc made by digging 
long trenches usually 1 to 2 feet deep and 8-10 in. wide. 
The pc'rson using it should place one foot on each side of 
the tnuich and scpiat in such a manner that the urine, 
ablution water and the solid excreta should pass directly 
into tlv' trench. They should be properly screened 
and after use should be filled up with the excavated 
earth. These latrines are satisfactory as a temporary 
arrangc inent during fairs ( w hich see ), etc., or in 
rural areas where there is no organised conservancy 
system. 

4. The Commode System. — The use of the commode 
is very popular with tlie Euiopeans in India. The arrange- 
m ‘nt is very sim]>le and consists of a porcelain or enamelled 
pan fitted in a wooden or iron stand, the top of w'hich 
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forms the seat. If proper care is taken to keep the pan 
clean there can be no objection to its use. 

5. The Receptacle Latrine. — This form of latrine was 
extensively used during the war with much success. It 
consists of a wooden seat fixed directly on the latrine 
bucket. The seat is fitted with a self-closing lid which 




Fig. 15. — The Commode. Fig. 10 — Fly -proof Recep- 
tacle Latrine. 

(From History of the Great War). 


makes if fly-proof. The individual pails can be removed 
directly either into the trenching ground or for incinera- 
tion ; or the contents may be transferred into one large 
receptacle for removal. This receptacle latrine may 
conveniently be placed in the bath room, and provided 
proper care is taken to keep it clean and periodically dis- 
infected it will be found very satisfactory in the moffusil 
stations. 
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Public Latrines 

There are two types of public latrines ; — - 

1. Fixed or permanent. 

2. Movable or temporary. 

1, Fixed or Permanent Latrines. — These should be 
constructed on goodpiicca plinths with a slope on one side, 
and no wood or any other absorbent material should enter 
into their construction. There should be a series of seats 
with separate receptacles for solid and liquid excreta, or the 
urine and wasli-water may be received in a pucca cesspit. 
The approaches to the latrines should be properly made, 
and a swee^per retained for each latrine, which should be 
cleansed at least twice a day. Every latrine should be 
provided with a li^ht at ni^ht. 

A laroe number of smaller latrines suitably distributed 
is much more effective than a few larc^e ones which are 
much more costly to construct and maintain. Such a 
latrine is very usefid for general use, and may with 
advantaii^e be placed in railway stations and other public 
places. The cjreat point to be attended to in all ])ublic 
latrines is (efficient ventilation and proper cleansing. The 
best material for their construction is corrugated iron. 

2. Movable Latrines. — These are of great use in 
segregation camps, melas (fairs), and all other places where 
latrines arc required only temporarily. They are also 
convenient in cantonments or other situations where 
fixed latrines are not suitable. The latrine should be easy 
of transj)ort, and when not in use, so compact that it can 
be packed away in a, godown or shed. The receptacle 
for night-soil is simply ydaced on tlie ground with bricks 
for foot rests. The roof, sides, and partitions are best 
made with corrugat(*d iron sheeting. They are removed 
wdien the ground becomes foul and bad smelling, which 
should be dug up and left exposed to the sun and air 
for about a year. No masonry work should enter into 
their construction, and the site should always be high. 
The latrines should be removed once in a month during 
the rains and every second month during the dry 
season. 
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Collection of Nig]it-soil 

111 India the collection of iiiijfht-soil is usually done by 
a rej]fularly organised gang of sweepers {niethers), who 
daily remove the contents of the privy pans into tarred 
wooden buckets (pails) which are carried either direct 
to the trenching-ground, or their contents transferred 
into night-soil carts at th(‘ depots, and then taken to the 
trenching-ground, for linal disposal. In the outskirts 
of Calcutta, where a hand removal system still exists, 
the night-soil is carried to elepots and there emptied into 
the main sewer. The collection of night-soil shoulel be 
done in the early hours of the morning, and if possible 
once again in the c.rternoon. Cesspit contents and urine 
should also be removeel by night-soil carts for disposal. 



Fig. 17. — :shoiiT-SoiL Cart. 

ConsidrTing the fact that nuisaric(‘ inereiises with the 
bulk of th(‘ ])(>pulal ion, and witlillu^ numbm’ of handlings; 
it is always wiaaiever |)ossibl(% to removi' niglil-soil 

by subs t it nti a g special nudal reea ptaeh s in plae(‘ oi' 
which can be carri( d bodily to the trenching-ground 
either by a sling, or on a (‘S]K*cia]ly constructe d “ Ihaa'p- 
taclc Cart.” Tins will have tlu* eficet of minimising 
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nuisance by doinj^ away with the ordinary night-soil 
carts, removing the hlth direct irom the latrines in 
absolutely air-tight sealed receptacles without being 
moved or stirred, and avoiding spillage or the sprcael of 
offensive oelour. 

Night-soil Carts. -These are usually maele of steel with 
iron wheels. They have a capacity to holel 90 to 110 
gallons, and are lit ted with a de)uble lid which can be 
scaled witlx a little earth. The body is pear-shaped anel 
empties itsi lf by revolving on the axles. 

Nignt-soiL depots should be located away from habita 
tions and serecneel from jmblic view. 

Disposal op Nioiit-soil 

The disposal of night-soil in such a manner as to secure 
it from being any le3ng(‘r a nuisance or menace to public 
luialth IS a diiricult problem. Rut all exenc mental matters 
can safely be disposed of either (1 ) by trenching : or (2) by 
complete burning {iucineralion). Trenching may be done 
“ in situ ” as in the case of shallow trench latrines or 
deep pit latrines ; or niglit-soil may be removed to a dis- 
tance and buried for agricultural purposes in trenches or 
deep pits. Rurning is done in some special i’orm of 
incinerators. \11 these methods were used during the 
last war, but the best results were obtained where “Fly- 
proof R c'ceptacle Latrilu‘^^” (Fig. 10) vere used and the 
contents inciiK'rated. 

I. A trenchiiig-ground is a ]>lot of land where the 
night-soil is deposit{‘d under the soil in shallow trenches. 
Striclly s[)eakuig trenching of night-soil is a, biological 
process, but it is not customary to reckon it as sueb. 
The following is an extract from a I'irculPvr of the Sanitary 
Commissioner of Rengal regarding the proper manage- 
ment of trenching-grounds : — 

“ The objects of trencliing are to dis])ose of night-soil 
with the least possible ofhmee as regards smell and to 
prevent the brecaling of flies which are great carriers of 
disease. It has been found by experience that dce]i 
trenching is most objectionable from a sanitary point of 
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view, as in this case the disintei^ration of night-soil is too 
long delayed and the ground does not become properly 
purified by cultivation. .. .Shallow method of trenching, 
which is by far the best, should therefore be carried out 

properly The trenches for this purpose should be 

dug I ft. apart, should be either 1 or 2 ft. in breadth and 
1 ft. deep ; night-soil to the depth of 3 in. only should 
be allowed to be pul into them and sliould then be covered 
in with the excavated earth. . . .For every 25 gallons of 
sewage a trench 2 ft. broad and 1 ft. deep filled to the 
extent of 3 in. should be 8 ft. long, as 2 X } X8 -=4 cub. 
ft. or 25 gallons of sewage. The trenching-ground should 
be divided into three plots, so that every plot may be 
trenched once every three years. The remaining two 
plots must be kept under cultivation wliile the other 
is being used. Cultivation is a vital element in the success 
of a trenching-ground, as without this method of puri- 
fication the ground becomes sewage-sick and unfit for 
re -trenching.” 

The following points should be observed in the manage- 
ment of a trenching-ground : — 

1. The site should be high and well open to the south 
and west. The sod should be dry and of a light porous 
nature ; clay soil, being retentive, is unsatisfactory, while 
light sandy loam is good. 

2. It should always be in the outskirts of a town, 
and at a distance of about COO yds. from a dwelling-place. 

3. A row of trees should be planted to separate the 
ground ; this will also prevent infective dust from being 
blown into the town. 

i. It should always be at a distance from the sources 
of water-supply. 

5. It should be provided either with a well or tank 
for washing the buckets and carts, and irrigating the 
ground under cultivation. 

6. There should be good roads within the ground. 

7. Arrangements should be made for draining off rain 
water to low-lying cultivated lands. 

8. Trenching should be systematic and should begin 
from one end of the ground. 
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9. Too shallow trenches formerly advocated do not 
give satisfactory results ; one 18 in. deep, 2 ft. wide 
and 15 to 30 ft. long serves the purpose very well. 

10. Too much night-soil should not be put in the 
trenches as then it will percolate uj> through the earth 
and reaching the surface will create great nuisance. 

n. The carts should not be taken directly into the 
trendies but emptied into pails in the depot of the 
trenching ground, and these pails are then emptied into 
the trenches. 

i 12. The earth must be broken up and the trenches 
covered as soon as possible. In filling up the trench 
excess of earth should be used to form a dome and not 
in level with the surface. / This will allow certain amount 
of sinkage due to settling of the earth vithout forming 
a hollow or depression where water can collect and thus 
create a nuisance, 

13. There should be a covered shvd for the storage 
of utensils, etc. 

1 1. The carts and pails should be thoroughly cleansed 
both inside and outside by some liquid disinfectant, 
e.g. i/al, cyllin, etc. 

15. Cultivation should be carried out three months 
after trenching. The ground should be deep-hoed, 
ploughed up and sown at lirst with dhoop grass, sugar 
cane or tobacco. After this all kinds of vegetables may 
be grown. 

II. Incineration of Night-soil. — This method of dis- 
posal by completely burning up night-soil is being 
greatly advocated in India. If properly carried out in a 
well-dosigncd furnace destructor it will be found to be 
very sanitary ; the possibility of contaminating the water- 
supply or the danger of polluting the air by smoke or 
vapour will be reduced to a minimum. 

The incineration of night soil may or may not be 
combined with the incineration of street refuse. In some 
places certain amount of refuse may be utilised as fuel, 
but this is not always so. Where the street refuse con- 
tains dry grass, straw, rags, paper and other inoffensive 
combustible material these may furnish all the fuel neces- 
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sary. It is not always that one gets in Indian towns enough 
combustible material to utilise the refuse for incineration 

o 

5 CD 



of night-soil without any addition of extra fuel. This 
naturally makes incineration an expensive process. 
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The incinerators for night-soil should be of a closed 
type, their main principles have already been discussed 
(see ]). 221), but incineration to be successful the tollow- 
ing conditions are n(‘cessary : — 

1. The incinerator must be so built as will stand 
rough usage and the materials used should stand extreme 
heat. 

2. Since a good draught is essential, the air inlets must 
be adequate, and the chimney sulYieiently large. The 
openings of the grating should not be more than to 
2 in. 

3. The smoke should be rendered inodorous either 
by providing a baflle plate or by placing a liori/ontal 
grid a little lielow the entry into the flue. This will 
allow' the gas to pass through a layer of glowing fuel 
from a fixe lighted on this grate. ' 

■1'. Tlie mixing of the night-soil with tlie combustible 
material should be done in jiroper proportion. 3 he fuel 
should be dry and the mixture should be put in the 
fire wdieii it is blazing one. The stokers should be w'cll 
trained. 

5. As mentioned before the ordinary street refuse is 
not always inflammable and may not serve as a fuel, 
and a good supply of combustible matciial is the ic fore 
n(‘eessary. Usually saw' dust, coal dust, wood shH^ing, 
dry grass, or straw are used for th(‘ purpose. It must 
be noted that the possibility of smoke nuisance is less if 
]denty of fuel is mixed with the night-soil. 

6. As it is essential that th(‘ luel should be diy. a 
covered shed for the storage of fuel must be pio- 
vided for. During the rains it is impossible 1o k(ep 
any combustible material in a readily inflammable 
condition. The mixing jilatfoim should have concrete 
floor. 

Disadvantages of the Hand Removal System : — 

1. From a (iuancial point of view it is not ceorxmical, 
as it necessitates the employment of a large number of 
swxepers, carts, bullocks, etc. 

2. Its success depends absolutely on the way in which 
the work is carried out. The sweepers are very diflicult 
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to manage, and a badly worked system is a source of 
great danger and nuisance. 

3. The wear and tear of night-soil carts, pails, etc., 
are very great. 

4. There are dangers of contamination of air and water, 
and spread of infection through Hies. 

5. It is difficult to manage in towns having a large 
population. 

6. If suitable soil is not available, or if the trenching 
ground is not properly managed, the place bret'ds flies and 
becomes a menace to public health. 

7. The transfer of night-soil from pails to buckets, 
and from buckets to carts, creates great nuisance. 

JOT WATER-CARRIAGE SYSTEM 

Disposal of Slop Water. —The conservancy system does 
not provide for the removal of domestic or other waste - 
water, and to c«arry this out efficiently in towns and villages 
is a very difficult problem, for these are no less impure 
than the ordinary sewage of water-closet towns. A 
system of drains, therefore, for the removal of such water 
is necessary. The slop water from isolated village 
houses is usually conveyed by pervious {Imtcha) drains, 
which arc merely shallow open trenches or elongated 
cesspools, to the nearest tank, ditch, garden, or open 
land. These drains are very incflicient and tl\eir general 
plan and construction are faulty in the extreme. Their 
sides have no proper slope to prevent the falling in 
of loose earth, their bed no sufficient inclination to 
permit the water to pass with sufficient velocity to 
carry solid filth and prevent their deposil.ion. The 
consequences that may follow such a practice are ob- 
vious . they form a suitable breeding-place for mos- 
quitoes, flies, etc., pollute the neighbouring water-supply 
after saturating the soil by soakage, and during the rains 
form dirty, fermenting, and offensive puddles. Another 
common defect of drains in Indian towns or villages is the 
want of any suitable outfall. In most cases they lead 
into tanks and dobas, while in others they lead into the 
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open country and terminate in the rice fields and marshy 
lands, which remain sloppy durinjr the rainy season and 
for some tim(' after. During all this time the village 
drains remain full of water and thus keep up that satura- 
tion and humidity of the sub-soil and foundations so detri- 
mental to the health of the people. 

Weeds and other small plants growing in these 
drains materially impede the fr(‘e flow of their contents. 
Arrangements should therefore be made to remove 
these vegetations periodically and to maintain the level 
of these drains. Ihit by far the best method is to have 
the drains either made pticca, or constructed with some 
non-absorbent matt rial, such as chanindled Ranigunge 
or hidf-round patent-stone pipes, lo prevent soakage. 
Wherever possilde all drains should be V-sha])ed on 
section so that a small amount of water will suffice 
to flush them, and very little Avater will accumulate in 
the narrow bottom of the drains. Largc^ drains should 
also he similar in section, but th(^ bottoms may be 
rounded. ScAvage can be best disposed of by irrigation 
over agricultural lands or open fields, AAdiile the slop AA^ater 
of individual houses may be collected in suitable vessels 
or pits, and then removed to some cultivated land for 
final disposal. 

Sewage and Removal of Sewage 

Waste-Avater consisting of liquid and solid human ex- 
creta, together Avith liquid refuse from coAvsheds, stables, 
houses, factories, etc., is knoA\n by the term seivage. 
Waste -Avater from houses, etc., unmixed with solid excreta 
is usually known as sullage. 

Removal of Sewage. — There arc tAvo principal methods 
of remoA^al of seAv«age, auz. - 

I. Conservancy system or dry method. — This has 
already been discussed. 

TI. Water-Carriage System. — In this system the solid 
together AAuth the liquid refuse is carried from the imme- 
diate neighbourhood of habitations by a flush of water. 
Owing to the initial expense incurred in its ^utlay and 
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also for the abundiince of water-supply that it demands, 
the water-carriage system cannot be introduced every- 
where. It a})pears to be cheaper in the loii^ ruii, and is 
perhaps tlic cleanest, quickest, and most sanitary method 
of remo\ing iiight-soil. For tliese considerations tlie 
water-carriage system is indispciisabk' in big to\vns. 

House Drainage 

A complete system of house drainage consists of : 

A. Water-closet. 

IL Soil pi])e. 

(b House drain. 

]). Traps. 

A. Watar-claset. —A water closet is a sanitary iiistella- 
tion for the reception of human excrement, and having 
c mnection with a sewer by a pipe, removes th(' excrement, 
when deposibal, through th(' ag^mev of water. It should 
be in a d ‘taeh^vl portion of the house, and at least two of 
its sides open to th^' outside air. The closet apartment 
is too often a crammnl, dark, ill-vcmtilated room. In 
fact no ap irtm.^nt of a house demands more frc'c vcmtila- 
tion than this, y('t perha]^s there is none which receives 
less. Tlv're should 1 h^ ample provision for cross ventila- 
tion. AVh(‘n a closed is reepiired for eacli storey the 
apartmmts should form a separate' tower connected to 
the main building by ove^rliead bridges. 

Th^ essential features of a gooel wateu’-closet are that 
it should be sim’d<' in eonsiruction and not liablr to get 
out of oreler, it should be* inodorous, the basin should be 
of som ‘ non-absorbe'ut and inde‘siru(dible material, the 
excrement shall fall without any external agency into 
the proper portion or the closet, ami the flushing should 
be of sulTi^ient force to wash the basin clean and 
remove all traces of excreta with a minimum quantity of 
water. 

A waater-closet consists of the following parts : 

1. Ihe* closet proper, consisting of the basin, and a 
trap, and 

2. The flushing apparatus. 
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1. The Closet Proper. — There are several varieties of 
water-closets, of which the following' are the chief ones : — 

(a) Pan closet. 

(b) Valve closet. 

(c) Long hopper closet. 

(d) Wash-out closet. 

(e) Short hopper or wash-down closet. 

(a) The Pan Closet . — “ It consists of a china basin, 
shaped like an inverted cone, with its outlet guarded by a 
movable metal pen which retains water in the basin.” 
On raising a handle the pan falls back into a caste-iron 
receptacle called the “ container,” into which the excreta 
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Fig. 19. — Valve Closet. 

fall. The bottom of the container is connected by a short 
pipe to a D-trap (D placed sideways) made of lead to pre- 
vent the esca]X‘ of foul air from the soil-pipe. This 
variety of closet is not used now-a-days, as it is most 
unhygienic. Its different parts cannot be cleaned, and a 
certain amount of filth always remains behind in the 
trap and the container and gives off foul gases. When 
old the metal pan corrodes and become s leaky. 

{})) The Valve Closet . — It consists of a stoneware basin 
with an opening below having a diameter of about 8 in., 
closed by a water-tight and movable valve fixed by a 
hinge. The valve opens out on raising the handle and the 

16 
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excreta are received into a metal box, the lower part of 
which is connected with a syphon trap leading to the soil- 
pipe, The closet should be Hushed immediately after each 
visit with plenty of water (2 to 3 gallons) from a cistern, 
and arrangements made for an after -flush, i.e., for a supply 
of water into the basin after the handle is released. In 
case of excessive after-llush the basin may overllow. To 

pr(‘vent this an overflow pipe 
IS attaened almost at the top 
of the basin and is earru'd down 
into the valve-box with a sy- 
phon bent, whieh by holding 
water ])re vents the escape of 
foul gas. 

Th(‘ adv^anlag(‘ of this varie- 
t}^ of w'ater-eloset is that it is 
noisel(‘ss, and has a large ex- 
])Osed surface of water which 
prevenis the fieces from falling 
upon or adhering to the basin ; 
its principal disadvantage is 
that the valve is liabh^ to be 
dislocated by any substance 
which gtts lixed therein, thus 
allowing the water in the basin 
to escape and foul air to (mter 
into the closet apartment. 

(e) The Long I[() 2 }per Clo- 
set, This l\as no valve and 
the ])au is dee]) and funnel- 
shaped. The solid excreta 
Fig. 20. often adhere* to the sides, and 

A, Long Hopper Closet. thcroforo a grcHt force of 

B, Wash-out Closet. water is required to flush it 

thoroughly. 

The syphonic closet is an improvement of this variety 
as it retains a certain amount of water in the pan for the 
reception of the excreta. Besides, there is a syphon trap 
with a long ascending arm, and the water contained in 
this trap is on a lower level than that in the pan. The 
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contents of the pan are therefore subjected to a force 
of vis a ter go by the dusji and a vis a f route by the tem- 
porarily indjiced sypTiona^e in the trap. Still it appears 
t^ be unsatisfactory “as the foul water often regurgitates 
into the basin. 

(d) The Wash-out Closet. —In this a certain amount of 
water is retained in the pan by a ridi^fe. The excreta 
will have to be lluslu'd out over this ridi^e, and therefore a 
powerful ilush is required for this jmrpose. This closet is 
not without deh^cts, for foul matters are often left behind 
and the water m tlie pan is not always enough to cover 
them. 



Fig. 21. — Wash-down Closet with Rim Flush, 

SHOWING P AND S TRAPS. 


{e) The W ash-down or Short Hopper Closet. — This is by 
far the best and most extensively used. It consists of a 
short inverted cone, the back of which is almost vertical, 
so that the excreta may fall directly on the water in the 
trap without fouling the sides ; with a rim fl^sh it can be 
easily kept clean. 

In selecting a closet preference should always be 
given to a wash-down or short hopper with a vertical 
back and a rim flush ; avoiding both the long hopper and 
wash-out varieties. 
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In India people use the closet in a squatting posture 
and therefore the seat arrangement is modified by having 
two foot rests on either side of the pan proper {see Fig. 22). 
The pan with the trap being placed on a level with the 
floor of the closet apartment. 



PiQ. 22.— Water-closet. Fig. 23.— Water-closet. 

(Eastern type.) (Western type.) 


2. The Flushing Apparatus. — It is important that the 
water-closet should be flushed immediately after use ; and 
provision should therefore be made for the storage and 
discharge of water. Water is stored in tanks or cisterns ; 
which should be separate for each closet, connected with 
a main tank placed on the top of the house. The cisterns 
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are usually ruade of galvanized iron, and should be 
placed about 4 ft. or 5 ft. above the basin, and the water 
delivered by pipes of 1 } in. to in. in diameter. The 
pipes should have as few bends and angles as possible. 
The water is discharged cither automatically, or by pedal 
action, or by a pull of the chain which puts the syphon of 
the cistern in action. The best type of flushing apparatus 
should supply three gallons of water each time ; and should 
fill itself rapidly after being emptied. It should project 
the water suddenly and forcibly and should supply the 
same quantity of water every time it is used. 



Fig. 24. — Syphon Flushing Cistern. 


Trough Closets. — Tliese closets are suited for places like 
jails, hospitals, schools, etc. They consist of a long metal, 
masonry, or earthenware trough placed on an inclined 
plane under the seats of the closets placed side by side, 
for the reec])tion ot‘ the excreta. The trough retains a 
certain amount of water by means of a weir at its lower 
end, and the excreta are expelled by a volume of water, 
discharged cither by an automatic flush, or by an atten- 
dant and carried away through a trap placed at the end 
of Jl^the trough. An improvement in trough closet is 
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made by separate partitions and separate pans attached 
to one common discharge pipe. The advantages of this 
type of closets are : (1) one apparatus serves for the use 
of several persons at one and the same time ; (2) it is 
cheaper, and hardly ever gets out of order. 

B. Soil Pipes. -These are circular pipes connecting the 
water-closets with the drain. They should be cither of 
cast iron, or drawn or milled lead, about eight pounds to 
the square foot, and laid as straight as possible. Lead 
pipes are more expeditiously erected and easier of mani- 
pulation. They should ]>e exposed right through for ready 
inspection, and connected with the closet immediate- 
ly beyond the syphon bend or trap, and carried directly 



Fig. 25. — Trough Water-closet. 

outside the house-wall, to whicli it should be fixed by 
tacks. They should liave an internal diameter of 4 in.^ 
and be carried clear of windows, 6 to 8 ft. above the roof„ 
for the escape of foul gas. The end may c ither be left 
open or covered with a wire -gauze dome. [See Fig. 38). 
Whenever possible these pipes should either be fixed on 
the shady side of the house, or protected by wooden 
casing, to prevent the joints being damaged by the tropi- 
cal sun. To prevent oxidation and rusting, iron soil pipes 
are coated either with magnetic oxide of iron (Barff’s 
process), or they may be dipped in Angus Smith varnish,, 
which is composed of pitch, asphalt, oil and tallow. 

The ventilation of soil pipes is necessary, for it not 
only prevents admission of foul gases but also counteracts 
syphonage by suction, which, during the transmission of 
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the contents of some of the upper closets down the soil 
pipe, causes the water in the trap of one of the lower 
closets to be drawn off. The ventilation and consequently 
the anti-syphon ie action is ensured by means of a pipe 
2 to 2^ in. in diameter fixed on the crown of the Irap 
(on the soil pipe side). Where a series of such ventilating 
pipes exist, they are generally united either to a sej^arate 
ventilating main pipe or separately to the soil pipe. 

The joints in the case of lead pipes should be “ wiped/’ 
and in the ease of iron ones caulked with lea3T The 
connection between the soil pipe, be it of iron or lead, 
with the eloscd pan, between an earthenware and a 
metal, should be absolutely water-tight and is best secured 
by “ Doulton’s e(‘ramic joint,” while that of the soil pipe 
witli the drain by means of a “ thimble ” or a brass or 
copper tube about a foot long soldered to the lower end of 
the soil pipe, wliile the rim oUthimblc rests in the socket 
of the drain ])i]>e and the intervening space is filled with 
Portland cemeiit. 

C. House Drain. - A house drain is an underground 
pipe for carrying away discharges from water-closets 
(received directly through soil pipes) and waste water 
from house or compound to the sewer. It is usually 
constructed of some im])ermeable material such as glazed 
stone -ware or iron })ipe, the interior of which must be 
smooth. It should be laid without any angles or bends, 
with the socket end of the pipe looking towards the point 
from which the sewage is coming, on a smooth inclined 
plane to facilitate easy transit of its contents ; and if a 
bend is at all necessary it should be by special curved 
piyjes. A branch drain should join the main drain at an 
acute angle to lessen obstruction to the flow. It is not 
always possible in a large building to lay down drains in 
a uniformly straight line, and in such a case it is desirable 
to have manhole chambers for inspection at every change 
of direction and to continue the drain through the floor 
of the chamber by means of half channelled pipes. The 
joints should be made both air- and water-tight. The 
pipes should be of sufficient size, and for ordinary houses, 
the drain should usually be about 4 in. in diameter, but in 
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big buildings, such as liospitals, hotels, etc., it should be 
from 6 in. to 9 in. with a fall of about ] in 50 and a 
flow of 2^ ft. per second. For all practical purposes the 
fall should be ten times the diameter of the pipe. 

The smaller tlie drain the better is the Hushing and 
removal of deposit, but in every case it must be large 
enough to prevent blocking. For all these purposes 
glazed earthenw^are pipes are satisfactory and should be 
laid on a smooth bed of concrete 6 in. deep. When 
carried under the basement of the house there should be 
6 in. of cement concrete all round, and wdicre the collar 
of the pipe rests, the concrete should be hollowed out and 
the joints made both air- and water-tight. 

Manhole or Inspection Chamber. — Tins is a scpiare 
masonry underground chamber, the floor of wdiich is 

formed by the level of 
the drain, and rendered 
perfectly water-tight 
by lining it with ce- 
ment. It is provided 
wdth an air-tiglit iron 
cover, while the venti- 
lation is carri(‘d on by 
a G-in. pipe. The man- 
hole end of this pipe 
is opposite the entrance 
of the drain, whil(‘ the 
other end, which is 
protected by an iron 
grating and provided with a mica flap valve, is carried 
a few feet above the ground level and opens into the 
outside air {see Fig. 20 and 33). The val\e while 
admitting fresh air ])re vents reflux of foul gases. The 
sewage is conveyed through the manhole by a glazed 
half-channelled pipe which discharges itself into a trap. 
The floor of the manhole should form an angle of 30° 
on either side of the channel. The branch drains 
which arc also made of glazed channelled pipes curved 
to the proper degree, empty themselves into the main 
channel. Whenever possible all manholes should be 
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situated in open spaces or yards and not actually within 
the building. 

Although it is generally held that sewer air is not 
more harmful than drain air, yet a disconneetion of the 
drain of the building from the public sewer is necessary. 
This is generally done by having a trap interposed between 
the house drain and the sewer, and is known as the 
intercepting trap {see Fig. 27 and 83). Such a trap, besides 
having the inlet and outlet ends has two other openings — - 
one near the entrance for acting as an inlet for the air, 
and other just beyond the syphon bend of the trap for 



Fig. 27. — Intfrcepting Trap. 

acting as the clearing eye, and is protected by a lid. The 
following points, recommended by Parkes and Kenwood, 
should be observed in selecting such a trap ; (1) Where 
the drain is a 6-in. pipe, the syjdion should be a size 
smaller than the drain ; (2) there should be a fall of 2 in. 
or more from the level of the diseharging end of the house 
drain to the surface of the trapping water ; (8) the syphon 
should provide an adequate seal of 2 in. or 8 in. of 
water; (4) the inlet to the syphon should b(‘ nearly 
vertical, whilst the outlet rises at an angle of not more 
than 45"^. 
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Requirements of a good house drain : — 

1. A fall that will give good velocity to the current 
and a smooth internal surface. 

2. Well fitting joints to prevent any escape of sewage 
or gas. 

3. Proper flushing arrangement. 

4. All branches from the main drain having Y joint; 
i.e, at an acute angle and not at right angle. 

5. A good bed of concrete to secure solidity and pre- 
vent disjointing of pipes from uneven settling of house 
foundation. 

*6. Good ventilation effected by placing a trap outside 
the house. 



Fig. 28. — 3 -trap and P-trap with Water-seal. 

D. Traps. -A trap is an arrangement in the drain or 
waste pipe which acts as a barrier to the entrance of 
sewer air into a house effected by what is called a water- 
seal. A good trap will completely disconnect the air 
of one ]hpe from that of another. A trap in its simplest 
form is a bent pi])e which holds u]i water and ])re vents 
air or gas from passing through. 

The water-seal of a trap is the distance between the 
level of the water in the trap and the lowest point of its 
concave upper surface when the trap is in proper position 
(A B and A' B' ; Fig. 28). It should be ventilated and 
thus not easily unlocked from any cause, and should 
possess a water-seal of not less than 2^ in. 

A trap should be self-cleansing with every flush of water; 
and have no angles, corners, cracks or projections inside, 
which might impede the onward flow of any solid matter. 
A minimum-sized trap consistent with circumstances 
should always be selected; or it may become a little cesspool 
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if the size is greater than can be cleaned by an ordi- 
nary flush of water. The following are its usual posi- 
tions : — 

1. Under the pan or basin of each water-closet. 

2. Near the junction of the house drain with the sewer. 

3. In the open air at the level of the ground to receive 
slop water from baths, lavatories, etc. 

Varieties of Traps. — There are many varieties of traps, 
but the following are the principal ones . - - 

1. Syphon Trap,— It is simply a bent tube, the bend 
resembling tlie letter 3 placed sideways. The water 
collects at the low('r emd of Q and should stand at least 
J in. above the top of tlie curv(‘. It is the best form of 
trap and maintains a syphonie action as it always keeps a 
constant level of Avater. It is usually provided with an 
opening placed beyond tlic water seal and intended for an 
anti-syphonage pi]X‘. Syphon traps are named also as 
p-trap and according as the direction of the 

outlets is outwards or downwards (see Fig. 28). 

2. Flap Trap , — It is a 
hinged valve permitting 
water flow in one direc- 
tion. It is ineflicient and 
allows sewer air to enter 
the house. 

3. M id-feather Trap.-- 
This consists of a round or 
rectangular box jirovided 
with an inlet tube on one 
side and an outlet tube 
on the sanre level at the 
other. Water stands up 
to the lower margin of 
each pipe with a partition 
between, which touches 
the water. This is not 
self-cleansing. 

4. Bell Trap , — This is a modification of the above, but 
is equally unsatisfactory as the water-seal is broken when 
the bell portion is removed. 
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5. Gully Trap . — This is placed in courtyards, especial- 
ly where rain water and waste water pipes open. It 
should be placed at a distance of about a foot and a half 
from any wall, and the surface opening should be as small 
as possible and protected by a grating to prevent eva- 



poration. As it is possible 
that mud, other debris and 
solid particles may be swept 
into the gully with the inflow- 
ing surface water, this trap 
is so made that these settle 
at the bottom, which may 
be removed periodically. 

Under certain circums- 
tances a trap may fail to 
perform its functions, viz. — 
(1) Syphon action ; (2) eva- 
poration of the water-seal ; 
and (3) from deposit of solids 
or silt. 

1 . Syphon action . — This 
generally hapjicns where the 
traps of the soil pipe and 
closets are uiivent dated. To 
understand this examine 
figure 30 which represents 
three closcds at different 
levels wher(^ the tra]3S arc 
not ventilated. Imagine that 
each tra]) of each closet is 
full of water and t]i(‘ soil 


^f^;“Thrce closets at pine and the branch iiipes 

different levels explaining ' o oinntv if the air is 
syphoning of traps. an empty, tne air is 

locked in the sod pipe bet- 
ween A and C, i.e. between the trap of closet 1, and the 
unventdated trap of soil pipe C. The eff(‘ct that follows 
the use of the upper closet, after flushing, is shown in 
figure 30. The descending column of water rushes into 
the soil pipe and compresses the air water-locked at C 
and leaves behind it a partial vacuum. The outer air 
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therefore reaehes the soil pipe throupfh the way of least 
resistance, generally through the closets below (2 and 3). 
The traps of the lowc'r closets, are thus syphoned, and left 
empty. If the trap be pierced at the top the air ])ressure 
will be established at both ends of the leiX {sec fief. 31). 
It is thus that a ventilating opening to a closet trap 
breaks the flow and throws enough water back into the 
body of the trap to preserve the water-seal. 

2. Evaporatio?i of the water-seal is due to disuse of the 
trap, thus giving time for evaporation of the water. 
This generally happens when the house is left unoccupied 
for sometime. 

3. Traps also become useless from being blocked with 
deposit of solid matter due to imperfect setting, or in- 
efficient flushing, or to insufficient fall in the house drain. 

The Testing of Drains, Soil Pipes, etc. 

Testing of drains, etc., is always necessary, and is 
employed not only for new sanitary installations and 
during the progress of the 
work to find out if they have 
been properly constructed, but 
also in cases of old drains to 
ascertain whether they arc still 
in good order. The following 
tests arc commonly used : 

1 . Hydrostatic or Water 

Test. — This is especially used 
in new drainage work. To 
carry it out plu<j the lower pio. 31.— Syphon action 
end of the waste and soil pipes, of trap broken by venti- 
and each branch fitting with lating opening, 

suitable water-tight covers and 

fill the whole system with water. If the level of the 
water falls or if the drains do not fill at all, it indicates 
a defect at some point and the joints should be carefully 
examined. 

2. The Smoke Test. — This is usually done by burning 
either brown paper or by means of a smoke rocket. 
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This test may be applied cither in vertical soil pipes, drain 
ventilatincf pipes, or manhole chambers. If there be 
any ]('akaijfe or faulty joints, the smoke ^vill issue out and 
ex])os(‘ the defects. The smoke may also be pumped 
into I he pipes by bellows. 



3. Chemical Test . — This 
test is applied by pouring 
two or three buckets of hot 
water with a fluid drachm 
of some volatile oil down the 
hiid^est water-closet, or down 
th(‘ pijK' from the highest 
a\ ailahl(‘ ))c>int. If on exami- 
nation iLS |K‘euliar smell is 
perceived the leakage will 
be discovered. This test is 
useless. 

4. Vneumaiic Test . — This 
is the most recent method, 
and consists in driving air 
und(‘r i^ressure by a pump 
to which is attached a pres- • 
sure -gauge. The presence of 
any leakage is evidenced by 
lowering of the pressure in 
the gauge, and the point of 
leakage by a hissing sound. 


Fig. 32.~-Uiunal wirii 
Flusu. 

earthenware, stone, slate, 
be simple in construction 


Baths, Sinks, and Urinals 

These should always be 
located in well -lighted and 
well-\ (‘iidlated rooms. The 
material for their construc- 
tion should be non-absor- 
bent , the best materials for 
the purpose being enamel, 
procelain, etc. They should 
and provided wnth an auto- 


matic flushing arrangement. The waste* pipe should 
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preferably be of drawn lead, which is easily fixed and 
non-corrosive. The urinals should be properly venti- 
lated, trapped, and connected to the soil pipe, or taken 
separately to the drain. The waste-pipe discharging 
water from a sink or a balh should be carried separate 
and made to discharge into the open air over a good 
water-trap. 

[Figure thirty three represents a complete system of 
house drainage. A and hi are two closets which open into 
the soil pipe B. C is the anti-syphonage pipe ; and 1), flush-- 
ing cistern opening into the closet E. F represents the 
house drain laid on a bed of concrete. II, rain water pipe ; 
G, wash basin and I a bath tub. These empty into the 
gully trap J. K, intercepting trap placed in the manhole 
chamber intercepting it from the sewer. L, inlet opening 
for ventilation. The soil pipe and the ventilating pipes 
are carried above the roof and are protected by wire 
gauze, they act as outlets]. 


SEWERS 

Sewers arc underground conduits designed for tlie 
reception and removal of both rain water and sewage 
by gravitation. This system of sewage removal is known 
as the “ combined system.” Two sets of channels are 
sometimes provided — -one for carrying the rain and waste 
water, and the other — smaller one for sewage alone. 
This method is called the “ se]>arate system.” Those 
carrying the waste water lake the shortest route to the 
nearest watercourse or river, where they empty them- 
selves, the other set conveys the sev/age for final disposal 
by one of the methods to be presently described. 

The advantages claimed for the separate system are : 

1. The sewers rcc{uired are of smaller dimensions and 
so easily flushed, consequenrly there is less deposit. 

2. The sewage is uniform in quality and smaller in 
quantity. 

3. Purification and utilization are effected with less 
difficulty. 
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4. In a known population estimation of the total bulk of 
sewage can be done from the allotment of water per head. 

5. Cheaper than the combined system. 

The disadvantages are : 

1. Two sets of })i[)es are required for every house and so 
a wrong coniieetion may be established by mistake. 

2. The ram and storm water washes away mueh that 
would eontainiiiate a stream. 

d. The llusluiig e fleet of storm water on the sewage is 
lost. 

Tliese ob)(a*tious are, however, not of mueli conse- 
quenei*, and the adoidion of eitlu^r plan depends upon 
the loeal eireumstauees. Jiut whatev er systt m is adop- 
ted, two objeets siiould be aimed at, viz., (1) removal of 
sewage by means ol' impervious pipes, and (2) draimigc of 
subsoil water along the route. 

Sewers up to 18 in. in diameter are circular, and made 
of either iron or glazed stoneware pi])es joined together 
with ce ment. W hen of larger dimensions tliey should be 
of brickwork and eeinent. Iron pipes should be coated 
with Angus Smith solution to ])rcvent corrosion. The 
best sewx^r in case wliere the volume of sewage undergoes 
great fluctuation is ovoid or egg-shaped with the smaller 
end downwards. This gives a greater depth of sew^age and 
less contact with the inside walls, consequently there is 
less friction. Lesides, it is mueh stronger and offers 
greater resistance to outside pressure. 

Earthenware })ipes are best hud on a bed of concrete 
and the joints should be thoroughly cemented, and the 
inside absolutely smooth. No public sewer should have a 
diameter of less than 9 in. as then it will carry any article 
which can come lengthwise around the traps and bends 
in 4 in. soil ]upes and house connection. 

Sewers should be self-cleansing and constructed with 
sufficient gradient. The size should be proportionate to 
the volume' of sewage they have to convey. To prevent 
deposition in pipes of 12 to 2 t in. in diameter the velocity 
should be 2 1 ft. per second, and in sewers of larger dimen- 
sions 2 ft. per second. A less gradient is necessary for 
larger sewers to produce the same velocity as in smaller 

17 
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ones. The fall should be equable, and all sudden ehanges 
in the level should b(‘ avoided ; a sewer of 10 ft. in dia- 
meter should have a fall of 2 ft. per mile. To calculate 
the velocity of the How through sewers the following 
formula is used : 

V = 55y D < ‘^E 

V — velocity of flow in feet per minute ; 

Dirndiydraulie mean depth ; 

Prrcfall 111 feet per mile. 

If A “the sectioiuil area of current of (hiid, VxA-- 
discharge in cubic had per minute. Th(‘ hydraulic mean 
depth is the sectional area of tlu^ current of iluid divided by 
the wetted perimeter, i.e. the portion of the circumferenec 
of the sewer in contact witli llowing lluid ; in circular 
sewers running full or half fuih it is oiu'-fourth the 
diameter. 

All sewers must b(‘ laid with as h'w bi nds as possible 
and the junctions mad(‘ at acute angk^s to allow the 
sewagi^ to (‘nt(‘r in the diri'ction of the* ilow. Tlu* junc- 
tions from house drains should be so mad(‘ as to allow the 
discharge from the* liousc' drains to lie in tlu' din^etion of 
the main current. Curv(‘s, if iheve he any, should be 
gradual, radius of the curve biang not less than ten 
times the cross-sectional diamider of th(^ sewer ; thus if 
a sewer be 5 ft. in diamider tlu‘ eurv(‘ should ne\( r be less 
than 50 ft. 

Inspection, Cleansing, and Ventilation of Si-.wers 

In the sewerage system, it is lu'ci^ssary to ]irovide 
adequate means for periodical (‘xamination, cKai using, and 
removal of deyiosit. To m<*(d tlu-se (*nds manhok‘s arc to 
be provided for. Th(*se an^ shafts Mink from the surface 
of the ground through which a man can descimd into the 
sewer. Branch sewers are made to join the main sewiT in 
these manhole chambers. 

Near the upper (*nds of si'wers the flow of si'wagi' is 
very small, liabk* not to br' able to carry solid filth, thus 
forming deposits. Similarlv in low lying level districts 
on account of the lack of falls it may be necessary to lay 
the sewers with very small gradient, and the velocity 
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therefore is iiisiiflicieni to prevent d(‘posiLs. Hence it 
is d('sirabl(‘ to mak(‘ special provisions for re gular Hushing 
to mak(‘ them self-eleansinijf by the use of automatic 
‘‘Flush Tanks”. A flush tank is a masonry cistern built in 
the stre(‘t above the grade of tlie sewer, lilt'd by a cons- 
tantly running stream of water, and emptied by auto- 



Pia. 34 . — Flush Tank and Manhole. 

matie devices into tlie sewer. Tiicy have a ea])acity of 
150 to 500 gallons, Imt more the water us^'d better is the 
flush. 

Flush tanks may be combined witli a manhole {See 
Fig. 34). This has the advantage of inspecting both 
the sewer and the tank, and is cheaper. 

Somel lines (lushing is done by temporarily damming 
the' sewage and then suddenly releasing it when suflieient 
hg,^; ^d is formed. This is done by flushing gates. A 
rr^e pipe run into a manhole from a hydrant may often 
be used with advaiitagt'. 

The mc'thods most commonly (‘inployed during dry 
weather are either a sudden diseliarge of a large volume 
of water through the manholes, or discharging water 
from large automatic hushing cisterns placed near the 
head of t lie sewers. 



260 HYGIENE AND PUBLIC HEALTH 

Ventilation of Sewers.— In every sewer where the 
sewagfe is well diluted, the flow rapid and Hushing eOicient, 
deposition of sediment does not occur, and tlie air does not 
become very foul. Ifut owing to the constant variations 
of the Ilow of sewage some deposit forms on the sides, 
which not only undergoes ])utr(‘hietion but gives oil 
putrefactive ferments to the S(‘wage /lowing by. The 
tendency to such deposits is less in ])ipe s(‘w(‘rs thnn in 
brick ones. The gases evolvc'd by (lecomposing sewage 
are cornbustible, and one should therefore be careful in 
carr}/ing‘ an unprotected light into a nt^wly opeiu'd man- 
hole, old drain, or cessfiool. Ventilation of sewcu's is 
thendbre necessary to dilute such gases. 

The simplest way of ventilating s(‘wers is by jX'rforated 
manhole covers having a tray or dirt-box below to catch 
dirt, stones, etc. These should be at a distance of about 
100 yards. Some of them act as inlets and others as out- 
lets. The air which escapes through these ventilators is 
rapidly diluted by fresh air and so rende red inoffensive. 

Another method is to hx long iron shafts at suitable 
distance's along the length of tlu' sewe'rs. These are 
carried sulliciently high into the air wcdl above the top 
of the neighbouring houses for the exit of sewage air or 
gas into the atmosphere. Street gullies must be effi- 
ciently trapped to prevent mud and sand from enter- 
ing the sewer and the escape of sew(‘r air. 

Disadvantages of Seners. — 1. Sewers being closed 
conduits may cause eflluvia to enter into house s ; but if 
they are properly constructed, /lushc'd, trapjied, and 
ventilated this may be prevented. 

2. Any leakage, etc., may contaminate the nearest 
water-supply. A sewer may leak for various reasons : 
from cracked joints or pipes, sinking of foundations, 
imperfect joining or lying, and by the penetration of 
roots through faulty joints and cracks. 

Outfall Sewers.— In every case an outfall sewer must 
be large and free so that no obstruction to the discharge of 
sewage may occur. The outfall must be below the level 
of the water, independent of the tide, and the opening 
guarded by a valve to prevent the entrance of water. 
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Where sewage is tide*locked for several hours it should 
be conducted into especially constructed tanks or reser- 
voirs and then discharged into the river or sea at suitable 
states of the tide. Sometimes sewage may have to be 
carried across a river or a valley by bridging, but this is 
not always practicable when the outfall sewer lies on a 
lower level. Under 
such circumstances it 
should be carried across 
by the help of an inver- 
ted syphon laid in the 
valley or in the bed of 
the river. Should the 
velocity of the current 
be not suHieient, accu- 
mulation and conse- 
quent blocking of the 
syphon with solid mat- 
ter might take place ; 
therefore, steps must 
be taken for straining 
the sewage and occa- 
sional flushing of the 
syphon. 

Pneumatic System 
of Sewage Removal, — Fig. 35.— The Shone Ejector. 
In the case of low-lying 

areas, where removal of the vsewage by gravitation scheme 
cannot be elTiciently carried out for want of a proper 
gradient, or where tank sew'ers are productive of nuisance, 
recourse has to be had either to some system of periodical 
pumping to raise the sewage to a higher level or to one 
of the following systems : — 

1. The Shone System, —In this system the transmis- 
sion of the sewage is effected by means of compressed air. 
This is conveyed from a central station to ejectors or 
cylindrical reservoirs placed for the reception of sewage 
under the ground at different parts of the town. The 
ejectors are made of varying sizes, from fifty gallons 
capacity upwards. When the reservoirs become full a 




262 


HYGIENE AND PUBLIC HEALTH 


valve opens and admits compressed air by means of a 
float aetincf on a counterpoised lever. TJiis propels the 
sewaij^e foreibly eitlier into a sewer at a hi^j'hcr level or 
directly into the outfall. Th(^ re^ur^dtation of the sewai^e 
is prevented b}^ a f)all valve in the ])ipe sewer, and as the 
ejectors empty themselves the sinkiniif of the float shuts 
up the val\c‘ of the compressed air tube and allows a 
fresh quantity of air to enter. On a flat surface where 
a suitable fall cannot be secured this system ^uves a 
proper gradient to the sewers and acts admirably. 

This syst(‘m has beem adopted in Bombay ami Karaelii. 
But in India owinef to the hiaivy rainfall considerable 
diihculty is experienced in eo])inv with the increased 
bulk of sewacfc in the sewers. ITnder these conditions 
the ejectors ar(‘ practically powerless. 

2. Liertnir\s Pnetanatic System l\\ this system tluTC 
are two sets of ]npes : the one smaller in diameter for the 
removal of vaste vater ; and the otlu'r lar^’cT (5 in.) in 
diameter for the removal of sewa^(‘ ])ro]>(‘r. The foriiKT 
is disehari^ed into a ri\a‘r or stream, as it is only slightly 
polluted and the soUd matters separated by straiiuTs if 
necessary; whik^ the latter empties into small closed 
chambers or tanks ])laced at different ]>arts of the town 
under the stre(‘ts ; these small tanks are made to eoniu et 
with larger ones Avhich aiifain communicate with a cmitral 
reservoir at tlie sewa^^e works. ' The water closets are 
connected with a receptach‘ or sy])hon tank in tlu^ base- 
ment of the houses ; these tanks are tliemselvcs coupled 
up by means of the larger pipes with tlu‘ various reservoirs 
underneath the str(‘ets. T1 k‘ propulsion of sewao‘(‘ is 
effected by means of a ]mwi'rful air ])um]) from a central 
station, when* the sewage is finally sucked into a steam 
concentrator and then ])umped into or disposcal ol‘ on to 
land, or made into poudrette. This system, besides bein^ 
complicated, does not dispose of waste and slo]) waters, 
for the remov\il of which special conduits are required, 
and there is also possibility of the pi])es bein^^ elo^ji^^ed 
with ficcal matter. But in low-lyin^ places wluu’e suit- 
able sewer ^^radients are difliciilt to secure there is every 
likelihood of the system bein.f^ a success. 
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DISPOSAL OF SEWAGE 

The primary object in the disposal of sewacfe consists 
in chanijfinijf the dirferent organic matters from the un- 
stable form in which they exist to stable chemical com- 
punds. This result is obtained by the action of micro- 
ori(anisms. The averajrfc' sewat^e consists mainly of water 
with variable quajitity of solids and liquids repre senting 
the waste products of the community. The character 
however is very variable depending upon the amount of 
water consumption, admission of rain water, the character 
of the edlnent from different industries, etc. 

Tlie Ti'hal or ultimate disposal of sewage in either the 
dry or wet system is a matter of the utmost concern to 
the sanitarian ; for iqion the elHeicaicy vnth wliieh sevaige 
is disposed of-kle pends largely the general health of the 
people. Possibilities of its acting as a source of danger 
to the public, in West('rn countries, are rathe r remote, 
inasmuch as almost every town or village lias a separate 
filtered water-supply. Ihit in India things are different : 
in village's the water-supply is almost always scanty, and 
the people gencrjdly have* recourse to any available source 
of water, and consequently the pollution of a tank, river, 
or strc'am is a matter of gn at consequence affecting, as 
it does, th(* health of the community. 

The chief methods of disposal of sewage are mainly 
{a) Dilation^ and {h) Purification, 

A. Sewage Disposal by Dilution. —This is the readiest 
method of sewage disposal, and provided the dilution is 
sufficient it is tlie proper .method. But there must be a 
volume of water sufficient to permit of aerobic bacterial 
action which will effect a complete break down of the 
organic matter and at the same time will not destroy fish 
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life, the oxygen content in the stream should not be 
materially reduced. The current must be sulFicient to pre- 
vent silting up of the stream, and there should not be any 
possibility of depositing floating materials on the shore. 

In England the method of discharging sewage into the 
river was practised before, but the conditions become so 
bad with the small stream and large tributary popula- 
tion that a law was passed prohibiting the pollution of 
rivers, and several Commissions were appointed by the 
Government to study the problem. In fact the Commis- 
sion declared that the proper method of purification of 
sewage was by distributing on to land, and distribution 
of sewage liy broad hrigation was carried out exten- 
sively ill England. Sewage should not be discharged into 
any river in India wherf‘ the dangers are even greate^r 
than in any of the Western countries. Under certain 
conditions the sewage may be discharged without a preli- 
minary purifying treatment into the sea provided it is 
discharged well below the ebb-tide flow, so that it may 
at once be carried away from the shore and dduted by 
a very large volume of water. If it is at all discharged 
into a river it must be purified before being so dis- 
posed of. 

B. Sewage Disposal by Purification.— The different 
methods of sewage purilication may be described as 
follows : — 

1. Intermittent Downward Filtration. -By this method 
sewage is purified by the action of the soil which acts as a 
mechanical filter, and for this purpose a porous soil should 
always be selected. In the words of the Royal Com- 
mission on Metropolitan Sewage Discharge, filtration 
means “ the concentration of sewage at short intervals, 
on an area of especially chosen porous ground, as small 
as will absorb and cleanse it ; not excluding vegetation,, 
but making the produce of secondary importance. The 
intermittency of application is a sine qua non even in 
suitably constituted soils, wherever complete success is 
aimed at.” But for this purpose the same soil should 
be used on the intermittent principle, i,e. should have 
alternate work and rest. The purification is chiefly 



DISPOSAL OF SEWAGE 


265 


effected by soil bacteria or the nitrifying organisms which 
exist in large numbers in the superficial layers of all soils, 
particularly in lands rich in organic matter. • These 
organisms require air and oxygen for their development 
and by feeding on the organic substances of the sewage 
cause their oxidation. For successful filtration suitable 
land must be prepared after the fashion of large filter beds, 

VIZ. — 

1. The bottom of the bed should be efheiently drained 
by means of porous drains laid 6 ft. btlow and 10 ft. 
apart ; over this are placed large broken stones, gravel 
and on top the natural porous soil. 

2. The surface of th(‘ land must be properly sloped to 
allow the sc^wage to spread over the whole area. 

3. The s(‘wage sliould he distributed by surface 
channels, and the land <livided into blocks, each one 
being irrigatial for six hours and allowed fo rest and 
aerate for eighteen hours, lly this means the soil is 
prevented from becoming clogged and re aeration is 
established. 

The land may conveniently be laid out in ridges and 
furrows, and cultivation mav be earned on the ridges 
while sewage is permitted to How down the furrows. The 
eflluent which comes out of the subsoil drain is pure, and 
does not putrefy, and can be discharged into any river or 
stream. This method is simple and elFieient where plenty 
of suitable soil is av ailable. One acre (about three bighas) 
of filter bed, if especially prepared, will dispose of the 
sewage of about 3000 persons. 

2. Broad Irrigation or Sewage Farming. — This is 
adopted wliere suitable land is available in the neighbour- 
hood of a town and is the oldest type of scientific puri- 
fication of sewage. In the interpretation of the Royal 
Commission on Metropolitan Sewage Discharge, broad 
irrigation means “ the distribution of sewage over a large 
surface of ordinary agricultural ground, having in view 
the maximum growth of vegetation (consistently with 
due purification) for the amount of sewage supplied.” 
The soil should be reasonably porous, and the land 
selected low enough to allow the sewage to flow by 
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gravitation. It may, however, be necessary to under- 
drain the land, if the soil be not very porous, to carry 
away tjie excess of ellluent to the nearest watercourse. 
The sewage must be discharged on to the land in a fresh 
condition and the coarse portions removed by preepiita- 
tion or sedimentation. Irrigation of sewage should not !)e 
continuous, but must be intermittent, so 1hat aeration of 
the soil can take place during the ])eriod of intermission. 
Tile land is laid out on the ridge and furrow s\stem and 
the sewage flows down the centre of the ridg(‘ towards the 
furrow. Ordinarily one acre of land is required for about 
100 persons in tempi'rate climates, but if th(‘re bi^ a preli- 
minary precipitation, and particularly in India where 
evaporation is greater, a smaller area would sulliee. It 
has been observed that during the rains it is rather difli- 
eult to take care of the sewage and prevent water- 
logging. 

This method can be profitably carried out in India 
where land is fairly chmip, and ('ven in the lunghbourliood 
of houses without any danger to health. Broad irriga- 
tion with subseipient farming has been suceisssfully carried 
out in Ahmedabad and Karachi. Itiit it is di^sirabli^ to 
locate the farms at a fair distance from towns or ])laees 
of human habitation. By this process about 00 ]).c. of 
the total susp(*nded matter and bacteria, can be rinuoved 
from sewage. The eniiumt howc'ver is putreseibk! as tlierc 
has been no change in the remaining organic matter. 
Immense crops of coarse grass, sugar-cane, plantains, 
and other vegetables may be cultivated witli profit, and 
no liarm could possibly accrue from eating such ])ro- 
diicts. Badly managed farms -wher(‘ more sewage is 
thrown than the land can purify, or whi^n^ tlu' sewage is 
discharged without any intermission may cause the 
ground to become sodden, and by retarding purification 
create a nuisance. 

3. Chemical Treatment of Sewage. This is effected 
by the addition of certain chemical agents which act as 
precipitants and carry down suspended matters with 
some dissolved organic impurities of the sewage. The 
clear supernatant fluid called the effluent may be further 
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treated or diseliar^ed into any watc reoursc or on to any 
field. The sludge or the precipitate is then pressed into 
cakes and sold as manure. Ttie oliemieals commonly 
used for the purpose^ are : — 

1. Lime (as lime water).- -It eombines with the carbo- 
nic acid of the scAvaiife forming an insoluble earbonate of 
calcium and also with some of the or^anie base s of the 
sewage ; the ])r(‘ei])itate falls to tlie bottom, forming 
sludi^e. But if lime is added in exeess both the sludge and 
the elHuent become alkaline and deeom])Ose rapidly, 
Usually twelve grains of (pueklime are reepiired for every 
gallon of sewage, but the quantity employc'd varies with 
the nature of the sewage. This method though simple 
and cheap is inefCeetive. 

2. Sulphate of ytluu^inium , — This causes a floceulent 
precipitate which entangles and carries down most of the 
suspended organic matters, tame may also be combined 
with alum in the proportion of live grains of (aich to (*v(‘ry 
gallon of sewa-g(‘. 

3. Protosulphate of Iron. This salt is a powerful anti- 
se])tic, and when added to alkaline sewage or to sewage 
])reviously tn^ated with lime, a copious precipitate of 
hydrated ])rotoxide of iron is formed which carrie s down 
suspended organic matters. Two to five grains of this 
salt are added to (uieh gallon of sewage'. 

1'. The .Itnine Process.- The sewage is subjected to 
treatment with a mixture of lime anet a small epiantity of 
herring brine containing a little methyl-amine. A ])re- 
cipitate forms rapielly which is said to be almost odourless. 

5. The IIer?nite Sijstem. — In this system the sewage 
is treated with e'lectrolysed sea-water. J5y the ])assage 
of an electric curn'iit through s(‘a-water contained in 
galvanised iron tanks magm'sium chloride' is decomposed, 
forming a disinfecting fluid which, it is claimed, rapidly 
decomposes ficcal matters in sewage* and effectively steri- 
lises it. 

6. The A B C Process. — In this process alum, blood, 
clay, and animal or vegetable charcoal arc added to the 
sewage, when a clear floceulent precipitate results. The 
dried sludge is known as poudrette. 
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The disadvantafifes of the ehemieal treatment of sewage 
are numerous, and it has hardly ever been practised in 
India, and in places where it has been in use it is rapidly 
being given up. The sludge which falls to the bottom of 
the settling tanks is very bulky, and the diftieulties and 
expenaiturc attending its safe removal and disposal arc 
great. Moreover, the sludge containing organic and 
mineral matters and about 90 per cent, of water has 
very little manuring value ; and the clltuent is not free 
from pathogenic organisms. In fact the mierobes are 
not removed but tlie sewage is simply clarified. 

4. Biological Treatment. —This process, instead of 
precipitating suspended mntters, reduces the com])lex 
organic matters present in the excreta into simjder subs- 
tances by the action of bacteria and other micro-organisms. 
In fact the disposal of night-soil by trenching, sewage 
farm nig, and intermittent downward filtration are really 
biological m dhods inasmuch as the ultimate results arc 
obtained by the micro-organisms present in the soil. 
Within recent years however the biological disposal of 
sewage has been more thoroughly studied with consider- 
able success, and different methods have been introduced 
for this purpose. Their main action de]iends upon the 
two kinds of microlx^s present in the sewage, viz. aerobic 
and anaerobic. The anaerobic organisms are chiefly 
concerned in reducing the organic substances of the 
sewage into simple chemical products, by breaking down, 
digesting and li<|uefying them. The albuminoid 
materials, ccdlulose and fats ar<‘ split up into soluble 
nitrogenous substances, fatty acids, ammonia, gases and 
derivatives of phenol. This action is encouraged by 
subjecting the sewage to und(‘rgo anaerobic fermentation 
in the Septic Tanks. The aerobic organisms convert by 
a process of nitrification the ammonical substances into 
nitrites and nitrates. This action takes place in Contact 
Beds or Sprinkling Filters, where the supply of oxygen is 
increased by subjecting the eflluent of the septic tank 
to pass through especially constructed filters. A still 
later development is the Activated Sludge Method, where 
the sewage is purified by oxygen provided by driving 
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Septic Tanks. Many varieties of biological installa- 
tions, such as those of Scott-Moncrieff, Stoddart, Cameron 
and others, are in existence. This installation was first 
devised by Cameron of Exeter under th(‘ name of the Septic 
Tank System. Ihit Mk* first systematic si udy of the bio- 
logical process of ila* tre atment of sevage iu the tropics 



Fig. 37. — Septic Tank Eatiuve (( ro^s-section). 

was undertaken ])y l'V)wler and deam sha in 1906, and an 
ingenious arrangemient known a.s the Septic Tank Latrine, 
which consists of a latrine built actually on the roof of a 
septic tank, has been introduced. 9"1h se latrine arrange- 
ments arc particularly useful for mills, jails, schools, etc. 
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In this system the combined proec^ss depending upon 
the two groups of organisms, vi/. anaerobic liquefaction 
and aerobic nitrification is utilised for the ]nirifieation of 
tlie sewage. There is therefore^ a marked liiu' of dcanarea- 
tion. Thc‘ anai robie liipu faelion takes plae(‘ in tlie sc jitic 
tank pro]3er, while the aerobic nitriheation occurs in the 
contact bed or sprinkling filters. The sewage, flushed 
by sullicient water, is first kal through one end into a 
r(‘ctangular tank or hollow chamber from which light 
and air are excluded, and the effluent is let out through 
a discharge pi]K' at the other end at a point lialf-way 
between the seum and tlu^ sluelge. The tank should be 
thin and about five or six times as long as it is broad 
and must b(' large enough to retain the flow of‘ sewage 
from 8 to 2 1 hours. One measuring (H) ft. by 12 ft. by 6 ft. 
will im et the renpurements of about 2000 users per diem 
with live gallons flush per user. Hut a tank capacity of 
twc‘lvc to lifteen gallons per user per day gives the best 
results. In order to prevent pj(‘ces of stones, bricks, or 
hard lumps of faces from entering the tank ]3roper, and 
thereliy interfering with its true septic action, arrange- 
mcnits should be made to sc])arate thes(‘ by a jiartition. 
This will cut off a portion of the tank into a small com- 
partment known as the grit or detritus chamber, the capa- 
city of which should b(‘ about one-eighth of the tank. 
The connection between this chamber and the septic 
lank ])roper, which is also known as the digestive chamber, 
should be at the bottom, through an o])ening of about 
12 in. to I 8 in, as it has been found that about 95 per cent, 
of all fjrcal masses float in water, and, therefore, cannot 
enter the tank. The floor of the chamber sliould have 
a slope towards the tank with a depression in its centre 
for bricks and other heavy substances to lodge. Venti- 
lation of the tank and the grit chamber should be 
effuMcnt, ami carried on through ventilating shafts, and 
provision made for inspection and cleansing by me ans of 
manhoU's. When the sewage enters the tank a scum from 
2 to 6 in. thick forms on the surface. Helow this scum 
the ])rocess of fermentation goes on with formation of 
gases. 
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The action of the septic tank on sewage involves two 
methods, viz., (1) anaerobic or septic tank method, and 
(2) aerobic or contact bed method. 

1. The anaerobic method.- In this method the anaero- 
bic organisms reduce or breakdown the different com- 
plex organic substances into elementary gaseous bodies. 
They attack and hquety the sewage in the tank where 
the hecc's are broken down and disintegrated and trans- 
formed into a state well adapted for nitrification. In fact, 
this action of disintegration begins in the grit chamber, 
and if it is allowed to continue for sometime in a suitably 
dcsigncfl chamber very little work u ill be left for the 
tank proper. The gases given off by the anaerobic orga- 
nisms are a mixture of carbon dioxide, methane, hydrogen, 
and nitrogen and are innammable wliich nniy b(‘ utilised 
for lighting. Little, if any, sludge or dejiosit is left behind 
and the ultimate products of decomposition, besides the 
above-mentioned gases, are ammonia and water. The 
elflucnt which is rather inoffensive, tliougli dirty-looking, 
is drawn off without disturbing the black massc's (scum) 
that float on the surface, and is subjected to further 
purification in the contact beds by the acrobu; bacteria. 
The sludge accumulates very slowly and consists of in- 
digestible material and includes mineral matte r, cellulos(‘, 
vegetable and elastic fibres, etc. The deposit should 
never be allowed to excee d 1 ft. in depth and it is advisable 
to removx' it once in three months which should be dis- 
posed of by trenching. 

2. The aerobic method . — In this stage the aerobic 
organisms construct out of the different gaseous bodies 
held in solution in the effluent, received from the septic 
tank, chemical substances of a harmless character. 
These organisms build out of the nitrogenous gases, first 
nitrous acid, which forms nitrites, and then nitric acid 
which forms nitrates by uniting with alkaline or 
other bases. This process is of importance in biolysis, 
since these organisms will carry on the purification 
thoroughly even in the absence of a septic tank, the 
action of which is merely of a preliminary nature. The 
best way of getting the cfllucnt into contact with the 
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bacteria is by passincf it through percolating continuous 
filters, or “ contact beds.” 

v/ A contact bed is a inasonry tank on which the effluent 
from a septic tank is distributed and allowed to remain 
for a fixed period, generally two to four hours. It acts 
partly as a mechanical strainer and partly biologically, 
depending upon tbe action of aerobic bacteria. Contact 
beds are filled up with fine hard furnace clinker, jJwrna, 
or gravel ranging in size from J to 2 in. These are not 
subject to easy disintegration and present a. relatively 
larg(.‘ superfieies for atTobic action. They are generally 
rectangular in shape and may be of any depth, but one 
with a depth of 3 ft. to 4 It. gives the b('st result. The 
materials should be removed, washed, and rejilaeed 
periodically. It is important that a contact bed should 
take not more than half an hour to fill or ('m])ty itsi'lf, 
otlu'rwise it would be impossible to arrange thi' period of 
rest and contact properly. As in intermittent downward 
filtration system the contact b(‘d should be so arranged 
as will enable each bed after four hours work to have a 
period of r(‘st for eight hours in order to establish re- 
aeration of the bed, otherwise the organisms will die from 
dc‘privation of air. 

A continuous or streaming, filter o]>erates on the same 
principle as a contact bed and is used for th(‘ same purpose, 
although tlie method of apnheationof the clarified sewage 
is different. It consists of a bed of porous material 
like jhama^ cinders, etc., seientilieally graded from above 
downwards, over which the effluent is sprinkled through 
fix(‘d sprinklers, by mechanical travelling sprinklers, 
dripping trays or tipping troughs to ensure uniform 
distribution. The TU‘cessary chemical changes occur 
during the passage of the effluent through the filtering 
medium. When properly designed and started these 
filters practically require no attention, but their surfaces 
require to be scraped once a month. It is cheaper, more 
effleient, and requires less attention than a contact 
bed. 

/ In some installations an open tank has been substituted 
for a closed one, on the assumption that the tough scum, 

18 
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which forms ill the septic tank on the surface of the sew- 
age, will also form in an open tank which will prevent 
the entrance of light and air and will act as a roof of the 
tank. In ])ractice it has been found to work satisfactorily 
and therefore this modification has been adopted in 
Manchester. 

The septic tank cniuent should not be discharged into 
a stream from which water is drawn for drinking purposes. 
It can, however, be satisfactorily dis]30sed of by discharg- 
ing it on land or into the sea, or by using it for boilers in 
mills and factories. It has been found that the seyitic 
tank ellluent contained the eggs and larvje of hookworm. 
Tanks that were overworked and filled with sludge 
showed more larvie than those that were in proper use. 
Therefore, where the ellluent is discharged into a stream 
or a river, it is necessary to remove the danger of trans- 
mitting water-borne diseases by disinfecting it before 
being so discharged. This is done by using a definite 
amount of chloride of lime in solution or chlorine gas, 
or by electrolytic action. 

The following are the requirements of a septic tank 
installation : — 

1. There must be a suflieient sup]>ly of water to 
provide an automatic or occasional Hush, sufficient to 
carry the excrement to the tank, and also to keep the 
place clean. 

2. Under no circumstances should any disinfectants 
be used, this method takes advantage of the biological 
action of putrefactive bacteria. 

S. The tank should be built in two sections under the 
names of grit chamber and digestive chamber, separated 
by an upper and lower bailie wall. 

4. There must be plenty of space above the line of the 
fluid which stands in the tank, to accommodate the 
“scum ” and the gas. 

5. There must be water-seal inlet and outlet to main- 
tain the fluid at a definite level and prevent the escape 
of foul gas, which should be led off by a gas pipe and can 
be burnt in a mantle: This gets rid of all noxious smell 
and at the same time lights up the place. 



DISPOSAL OF SEWAGE 


275 


When starting a nexv tank it should be inoculated with 
about a hundred cfallons of sludge and efllucnt from a 
neighbouring tank and then filled with water. The work 
of the tank should be pushed on gradually, and it takes on 
an average about six months to give a satisfactory ellluent. 

Activated Sludge Process. — This process is in reality 
an aerobic nndhod of disposal of sewage and is claimed 
to be the most satisfaetor}^ method yet introduced. It is 
worked on the same principle as contact beds, Init h^'re 
a much higher standard of efTiciency is aim^‘d at. Tlie 
scwag(‘ is intimately mixed with the bacterial culture by 
agitation, the necessary oxygen being provided by minute 
bubles of air blown through the mixture and a practically 
infinite surface of contact is thus produced. 



The main action tak'^'s place in the aerating tanks 
{see Fig. 39) in the bottom of which are “ diffusers ” of 
a special porous miterial, through which compressed 
air is passed and atomised, so that it rises in minute 
bubbles through the sewage. This is continued until 
all the ammonia in the sewage is oxidised into nitrates. 
The air is then turned off and the sludge sinks to the 
bottom. This sludge is the ‘ activated sludge ’ and though 
resembles septic tank sludge is essentialljT^ different to it. 
It is inoffmsivc, and is an aerobic ‘ bacterial culture.’ 
If this sludge is left in the tank, the tank is again filled up 
with sewige, and the aeration is continued then the 
nitrification t-ik^s place more rapidly owing to the 
pres^.nv*'' of this bacterial culture. It takes some weeks 
to form the necessary quantity of activated sludge for 
the pufdication to take place in a minimum time. 
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The process of purification takes place in two stages* 
During the first stage the organic matter is broken down 
and the carbon is converted into CO 2 . After this stage 
the liquid becomes more or less stable, but the proeess of 
aeration is continued for a time when during the second 
stage nitrates are formed. The working is as follows : — 
All heavy grit and large floating solids are first removed 
and the sewage is passed through a rough screen to the 
circular tank, where the disintegration is effected by 



Fia. 39. — Activated St-udgb Plant (Inlet end). 


blowing through the sewage minute bubbles of air. This 
is done by porous diffusers fixed in the bottom of the 
tank in narrow furrows placed radially. A fine emuhion 
of air and water is thus formed which rises to the top 
carrying with it the solids which are broken up mechani- 
cally. The sewage novi passes through the fine screen 
into the greese-eollecting chamber where any greese is 
collected at the top of the liquid and trapped, while the 
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sewac^c ilself is drawn off from the bottom and is passed 
into the mixing chamber. Here it is mixed with previously 
aerated sludge and liirthcr aerated by means of the diffu- 
sers. The volume of tlie activated sludge added varies 
from 15 to 16 p.e. according* to the charaeler of the 
effluent desired. 

The mixture then passes through the aeration channel 
where the actual purification takes place. The time re- 
quired for aeration is 6 to 8 hours, but may be as short as 
2 hours or as long as 21 liours. After purification the 
sewage passes down the feed pipe to the settlement tank. 
The effluent is drawn off and is run into a suitable 
outfall. 

N The following are the advantages of this process : — 

1. The cflluent is fully oxidised and is clear and free 
from colloids. Purification is rapid and perfect. 

2, Putrefaction is quickly stoppc'd and the system is 
free from siticIIs and flies. 

8. The sludge is inoffensive and forms a valuable 
manure. 

1. A small area of land is sufficient, and a skilled 
attendant with a small staff can easily manage the work. 

5. Owing to the simplicity of the plant, the small 
tank area required, and the absence of Jilter beds the 
capital expenditure is much Jess. 

Two other methods have been advocated of late for 
the biological disposal of sewage adapted for use in the 
private houses. They are (1) The 'Aqua Privy"' and 
{2) The ‘ Aniipolo ’ System used in the Philippine islands. 
The ‘‘ aqua privy ” consists of a cylindrical tank having 
a drown(‘d outlet, and a separate upper piece with which 
is embodied the seat or foot rest. The tank is filled with 
water before use and the night soil goes straight into the 
tank (under the privy seat) where septic action takes 
place. It is claimed that this system is superior to the 
ordinary service privy and the chances of infection from 
water-borne diseases are greatly minimised. The ‘‘ Anti- 
polo ” system of privies have been introduced in the 
Philippine islands for the sanitary disposal of sewage. 
It consists of a covered pit, a platform or seat with a pipe 
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connected to the pit, and a ventilating tube. Experience 
has demonstrated that by keeping the parts of the ‘Anti- 
polo ’ privy in good repair, the upper part of the pipe 
connected with the platform or seat clean by occasional 
scrubbing, and the bottom of the pit just covered with 
water, the ])rivy vill be odourless and its contents 
thoroughly digested and safely absorbed. 

Merits of the different methods of Seivage Disposal , — 
Speedy and complete removal of all excrementitious 
matters from the neighbourhood of habitations is the 
primary object to be aimed at. The dry method is not 
efficient, as the removal of excreta is undertaken at inter- 
vals, and it does not satisfy all the requirements. For 
large towns the water-carriage system is the only efficient 
method of removal of night-sod. It should not be dis- 
charged into any river or stream, but where suitable 
land is available either intermittent filtration or sewage 
farming may be undertaken. By land filtration an 
effluent is usually obtained which may be discharged into 
a stream, the water of which is not used for drinking 
purposes. Irrigation, besides giving the above-mentioned 
results, has the advantage of rendering the land more 
fertile by holding up certain ingredients having some 
manurial value. Where land is not available the sewage 
should be treated biologically. This is by far the best 
method, as it is based on a solid scientific principle, 
besides being thoroughly efficient and economical, imt 
the effluent obtained by this treatment is not, as a rule, 
harmless, and therefore cannot be permitted to run into 
any watercourse without subjecting it to a land or special 
sand filtration or chemical treatment. 

Analysis of Sewage 

Equal quantities arc taken e^ cry hour and mixed, 
and a sample is then taken. The bottle containing the 
sample should be completely filled, and examined at once, 
or kept in an ice chamber. 

The Incubation Test is performed by placing a small 
bottle, with a ground glass stopper, filled with sewage, in 
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the incubator at 37 and allow it to stand for a week. 
If the sewage lias not become offensive during tlie 
period and nitrates arc still present, it may be considered 
good. 

Incubation Test {P^drescihiliiy Test) by Permanganate 
(Scudder). — A small well stoppered bottle (of about 125 
c.c capacity) is completely filled with cfllucnt, the stopper 
firmly inserted, and the liquid incubated at 80®F. (26.6®C.) 
for five days. At the end of tins time the oxygen absorbed 
from permanganate in three minutes is again determined. 
If either the same quantity of permanganate or less of it 
is now required than in the corresponding estimation in 
the original sample, the liquid has withstood incubation ; 
if, on the other hand, more is needed, it has not. 

Methylene Bine Test.~~\\\ the majority of cases it will 
be found that if an elUucnt is not satisfactorily purified 
it will, if faintly coloured with methylene blue and in- 
cubated at 37®C. for about six hours, cause the colour 
to be discharged ; and in the majority of cases, on the 
other hand, if the colour persists, it is an indiction that 
a fair amount of purification has been accomplished. 

As a preliminary test, therefore, the following method 
may be useful : 

A 0.05 per cent, acjueous solution of methylene blue 
is made up, and I c.c, or so, as may be required in order 
to obtain Si faint blue coloration, is added for each 50 c.c. 
of the sample. The coloured sample is placed in a glass- 
stoppered bottle which is completely filled, carefully 
excluding air bubbles, incubated at 37°C. and the time 
noted which elapses before decolorisation takes place. 

To calculate the percentage amount of purification 
effected from the differences between the “ albuminoid 
ammonia ” and "" oxygen absorbed ” figures of the original 
sewage and those of the cfllucnt : For this purpose the 
figures of the original sewage are taken as 100. 

Example. — The albuminoid ammonia of the original 
sewage —0.76 part per 300,000 and that of the purified 
cffluent“0.16. The difference is (0.76 — 0.1 6)— 0.6. The 

... ,, , n , 100X.06 

percentage purification would therefore be — ^ ^ =75. 
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Estimation of Dissolved oxygen : 

The rate of absorption of dissolved oxyo'cn by a sample of 
sewage or elHuent affords a measure of the readiness with 
which it will deprive a stream of its dissolved oxyo'cn when 
the two are mixed. There are several methods for deter- 
mining the dissolved oxygen in water, but Winkler’s pro- 
cess, which is perhaps the most simple, is dcseribed here : 

A mixture is made of nine volumes of tap water and 
one volume of sample, (100 c.c. of sewage made up to 
1000 e.c, with tap water) and three bottles of about 300 
c.c. capacity (8 ounces) completely filled with the mixture. 
The dissolved oxygen is determined in one bottle after 
standing for about one hour, in the second bottle after 
incubation for about 24 hours, and in the third after 
incubation for 48 hours or longer. 

In carrying out the experiments the following reagents 
are required : 

{a) A standard solution of manganous chloride (made 
by dissolving 80 grammes of manganous chloride in 100 
c.c. of distilled water). 

{b) Solution containing 30 per cent, of caustic potash 
(KOH) to which 10 per cent, potassium iodide has been 
added. 

(c) Concentrated hydrochloric acid. 

{d) Standard solution of sodium thiosulphate (1 c.c.= 
2 mgrm. of oxygen). 

Process, — 1 c.c. of (a) is carefully added by means of 
a long pipette to the sample in the bottle and similarly 

1 c.c. of (/;). Tlie stopper is pushed in and the mixture 
well shaken and allowed to stand for about 10 minutes. 

2 c.c. of concentrated hydrochloric acid (c) is then carefully 
added and the stopper replaced and the mixture shaken 
and allowed to stand with occasional shaking till the 
whole of the manganous precipitate is dissolved. The 
solution is then poured into a basin and the free iodine 
present is titrated with standard thiosulphate solution 
(using starch solution as an indicator). The iodine 
liberated is thus equivalent to the dissolved oxygen. 

Characters of a good Sewage Effluent. — A good sewage 
effluent should possess the following characters : 
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1. It should have no fiecal smel], and a small living 
fish when kept in it should not readily die. 

2. There should be no marked deposit. 

8. The amount of organie ammonia present should 
not exceed O.l part per 100,000. 

4. The amount of oxygen absorbed in 4 hours at 80®F. 
should not be more than 1.5 ]>arts per 100.000. 

5. The amount of suspended matters should not be 
more than 3 parts per 100,000. 

6. AYhen incubated in a closed bottle for a week at 
80°F. should not show any sign of putrefaction (as evi- 
denced by the production of gases, foul smell, etc.) 


CALCUTTA MUNICIPAL ACT OF 1923 
Schedule xv 

Rules ns to Drains, Privies arid Urinals 
Drains 

2. Every underground house-drain shall consist of good sound 
pipes made of glazed stoiievare or other suitable material, and shall have 
water-tiglit joint? u’ade of Portland cement or any other cement. 

3. Every sach house-drain shall te of adequate size, with an inter- 
nal diameter of not less than — 

(a) six inches between the master-trap and the sewer, and 

(b) four inches at all other places. 

4. No such house-drain shall be so constructed as to form in any 
of such drains a right-angled junction, either vertical or horizontal, and 
every branch drain or tributary drain sliall be joined to another drain 
oblniuely, at an angle of not less than one hundred and thirty-live degrees, 
in the direction of the flow of such other drain. 

5. Every such house-drain shall be — 

(a) laid upon a bed of good concrete of such width as njav be 
approved by the Executive Officer, and not less than six inches thick, 

{b) covered for halt its depth with concrete not less than four inches 
thick, and 

(c) so constructed as to have a proper fall. 

7, (1) In every such house-drain a suitable trap shall be provided, 
(2) Such trap shall he placed — 

(a) within the premises, or, 

{b) Vvith the approval of the Porporatiou and on payment of such 
fees as may be prescribed by the Corporation, in the footpath or (if there 
is no footpath) in the roaduay adiacent to the premises, .and 

(c) at a point as distant as may be pT’acticable from the premises 
and as near as may be practicable to the point at which the drain is con- 
nected with a municipal sewer. 
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9. Tlio soil-pipe of every connected -privy or connected-uiinal Shall — 
(a) bo at least four inches in diameter, 

{b) be fixed outside the privy or urinal, or outside the building in 
which the privy or urinnl i-^ situated, and be continued upwards without 
any diminution of its diameter, 

(c) bo of such height and be so placed as to allord, by means of the 
open end of the pipe, a «afe outlet for sewer air, 

(d) whenever practicable, bo so constructed as to avoid any bend or 
angle, and 

(el be so constructed as to have no trap between the pipe and the 
drams uith which the privy or urinal eomnmnieates, and no trap (other 
than such trap as necessarily forms part of the apparatus of the privy or 
urinnl) in any part of the pipe. 

11. (11 The following pipes in any new building, namely* — 

(er) the waste-pipe from any bath -sink (not being a slop-sink cons- 
tructed or adapted to be used for receiving sowagel or lavatory, 

(h) the overflow-pipo from anv cistern or from any safe under a 
bath or connected -privv or connet ted-urinal, and 

(e) every other pipe for carrying oft waste water, 

shall be taken through an external wall of the bnilning, may, if the Exe- 
cutive Officer so directs, be piovided wuth a suitabh' trap, and shall bo 
so constructed as to discharge into the open air over a channel leading to 
a trapped gully-grating a( least eighteen inches distant from that end of 
the pipe from which the w'ater issues. 

17. Except with tiie written permission of the Corporation and in 
conformity with such conditions as mav be prescribed by the Corporation, 
either generally or specially, in thi'^ Ixdialf, no dram shall be so constructed 
as to pass beneath any part of a building. 

18. The following provisions shall bo observed when any dram is, 
with the permission of the Corporation granted under rule 17, constructed 
so as to pass beneath a building namelv — 

(1) the drain-pipe shall be of iron op such other material as the 
Executive Officer mav approve ; 

(2) the drain shall bo so laid as to leave, between the top of the 
drain at its highest point and the surface of the ground beneath the 
building, a distance of not less than the full diameter of the drain ; 

(3) the drain shall be laid in a direct line throughout the whole 
distance beneath the building ; 

(4) the dram shall be completely embedded in, and covered with, 
good and solid concrete at least six inches thick all round ; 

(5) adequate means for ventilating the dram shall he provided (where 
necessary) at each end of such portion thereof as lies beneath the building. 

Privies and Urinals 

21. (1) No privy should be placed in the space required by this Act 
to bo left at the back of the building — 

(a) unless the total height of the privy does not exceed eleven feet ; 

and 

(h) if the privy is a service -privy unless there is a space of at least 
four feet between the nearest wall and the service aperture of the privy. 
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(2) No service-privy or service-urinal, situated in, or adjacent to, 
building shall be placed at a distance of less than six feet from — 

(1) any public building or 

(ii) any building which is, or likely to be, used as a dwelling place, 
or as a place in which any person is or is intended to bo', employed in 
any manufacture, trade or business. 

22. (1) No service-privy or service -urinal shall be placed on any 
upper floor of the building ; 

(2) The Corporation may, by written notice, require the owner of 
any building to convert any service privy into a connected privy. 

25. (1) A drain shall bo provided for every service-privy and every 
service-urinal ; 

(2) such drain shall be constructed of some impervious material 
and shall connect the floor of the privy or urinal, — 

(a) with a dram communicating with a municipal sewer ; or 

(b) if permitted by the Corporation, with an impervious cess-pool 
the contents of which can be removed to a municipal server either by 
hand or by flow after filtration. 

26. (1) Tlie floor of every privy and every urinal shall, — 

(a) be made of one of the following materials, that is to say, glazed 
tiles, artificial stone or cement, or 

(b) if no such direction is given, be made of thoroughly well burnt 
earthen tiles or bricks plastered with cement and not merely pointed with 
cement, and 

(c) be in every part at a height not less than six inches above the 
le\el of the surface of the ground adjoining the privy or urinal. 

27. The walls and the roof (if any) of every privy or urinal shall 
be made of such materials as may be approved by the Corporation : 
provided that 

(a) m the case of the service -privies and service-urinals, the entire 
surface of the walls below the platform shall either be rendered in 
cement or be made as prescribed m clause (a) or (b) of rule 26 ; 

(b) in the case of connccted-privies and connected-urinals the 
walla shall, up to a height of at least twelve inches above the platform 
bo made as prescribed in clause (a) or (b) of rule 2G. 

31. Every connccted-pri vy and connected-urinal situated in a buil- 
ding shall be separated by a masonry wall from kitchen, habitable rooms 
and rooms in which any person is or is intended to be employed in any 
manufacture, trade or business. 

32. (1) Every connected-privy shall be provided with a suitable 
water cistern, so arranged as — 

(a) to discharge direct into the pan of the privy not less than 
three gallons of water each time the cistern is used, and 

(b) to prevent water being drawn from the cistern for any other 
purpose. 

(2) All w'aste-pipes and overflow-pipes attached to such cisterns 
shall terminate in the open air and be cut off from all direct communi- 
cation with any drain, 

34. Every connected-privy and connected-urinal shall be provided 
with an air-tight water trap immediately below the pan. 
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35. Every connected-privy and connected-urinal shall be provided 
with a syphon trap which shall be proof against syphonage. 

36. No ‘ container ’ or other similar fittings shall bo placed under 
the pan of a connected -privy or connected urinal ; and no trap of the kind 
known as “ D-Trap ” shall bo used with any such privy or urinal. 

37. (1) Every connected-privy and connected-urinal shall be pro- 
vided with a soil-pine for carrying sewage to a municipal sewer. 

(2) Such soil-pipe must have air-tight joints, and, if it be placed 
above ground, shall bo made of metal approved by the Executiv e Officer. 

(3) Such soil-pipe shall have in addition to the trap prescribed by 
rule 34, a trap placed at some point between the privy or urmal and the 
sewer. 

(1) Such soil-pipe shall be ventilated by direct communication with 
the open air, and if the privy or urinal is situated m a building, the pipe 
must bo carried outside the building. 

' BENGAL MUNICIPAL ACT 

Sewage. Offensive Matter, Rubbish, Privies and Drvins 

Sec. 186. — The Commissioners shall provide all establishments, 
cattlo, carts, implements required for the removal of sewage, olTensive 
matter and rubbish. 

See. 187. — The Commissioners at a meeting may appoint the hours 
within which it shall be lawful to remove sew'age and, oiTcnsive matter 
and the manner in which the same shall be removed, and may provide 
places convenient for the deposit thereof and may require the occupiers of 
houses to cause the same deposited daily or at other stated intervjls, in 
such places, and may remove the same at the expense of the occupier if 
the occupier thereof fails to do so in accordance with this Act. 

Sec. 189. — -The Commissioners at a meeting may appoint the hours 
within which only every occupier of any house or land may place rubbish 
on the public road adjacent to his house or land in order that such rubbish 
may be removed by the Commissioners and the Commissioners may charge 
such fees as they may think /it in respect of the removal of such rubbish. 

t8oc. 190. — All drains, privies and cess-pools shall be subject to the 
inspection and control of the Commissioners. 

Sec. 191.— The Commissioners, or any officer authorised by them in 
that behalf, may inspect all privies, drams and cess-pools at any time 
between sun rise and sun set after six hours notice in writing to the occu- 
pier of any premises in which such privies, drains, or cess-pools aro 
situated, and may if necessary cause the ground to be opened where they 
or he may think fit for the purpose of preventing or removing any nui- 
senco arising from such privies, drains or cess-pools ; and the expenses 
thereby incurred shall be paid by the owner or occupier of such premises. 

Sec. 193. — The Commissioners may provide and maintain in sufficient 
numbers and in proper situations, common privies and urinals for the 
separate use of each sex, and shall cause the same to be kept in proper 
order and to be properly cleansed. 

Sec. 191. — The Commissioners may license such necessaries for 
public accommodation as they from time to time may think proper. 
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Sec. 197, — All existing imblic sewers, drains and other conservancy- 
works shall ho under the direction and control of the Commissioners, who 
shall have power to construct any further works of that natnre which 
they may consider necessary. 

See, 217, — Any person who, in anv iminieipality — (1) being the occu- 
pier of a house in or near a public road, keeps, or allows to be kept, for 
more than tw’cnty-fmir hours, or for more than such shorter time ns may 
be prescribed by a bye-law, otherwise than in some proper leceptacle, any 
dirt, dung, bones, ashes, nightsoil or tilth, or dYiy noxious or otTeiisive mat- 
ter in or upon sncii house, or in any out house yard or ground attached 
to and occupied wdth such house, or snlTers such receptacle to be m a filthy 
or noMons state, or neglects to employ proper means to clean the san e ; 
or (2) keeps any public necessary without a license, or, having a license for 
a public necessary. Bufiers such necessary to he in a filthy or noxious state 
or neglects to eniplov proper means for cleansing ti e si me , or 

(3) being the ovMier or occupier of any ])iivale diam, priyy, or cess- 
pool, neglects or refuses, after warning from the Commissioners, to keep 
tbo same m a proper state ; 

shall, for every such otTence, be liable to a penalty not exceeding 
fifty rupees. 

See. 224. — The Commissioners may require tlie owners or occupiers or 
the owners and occupiers of any land, within fifteen days, to repair and 
make effieient any drain, pi ivy or cess-pool or to icmo%e any piivy or 
close any cess-pool which is situated on such land. 

See. 225. — Every person constructing a privy shall have such privy 
shut diTE by a sufilcient roof and wall or fence from tlie view of persons 
passing by, or residing in, the neighbourhood. , 

Hoc. 280. — No iierson shall, without the written permission of the 
Commr'sioncrs, construct or keep any latrine, urinal, cess-pool, house- 
drain, or other receptacle for sewage or other offensive matter within fifty 
feet of any public tank or water course, or a tank or water course which 
the inhabitants of any locality use. 

Sec. 231. — No person shall, without the written permission of the 
Commissioners, constrnet a privy with a door or tiap door opening on to 
any road or dram. The Commissioners may requiie any owner or occu- 
pier upon whose laud any such privy exists to remove the same within 
eight days. 

Sec. 270.- — Whoever, within a municipality, 

(1) without the permission of the Commissioners, throws or puts, 
or permits his servants to throw or put, any sewage or offensive matter, 
on any road, or earth, rubbish, sewage or offensive matter into any sewer 
or drain belonging to the Commissioners, or into any drain communi- 
cating therewith ; or 

(2) causes or allows the water of any sink, sew’er or cess-pool, or any 
other offensive matter belonging to him or being on his land, to run, drain 
or he thrown or put upon any ro^, or causes or allows any offensive 
matter to run, drain or be throwm into surface drain near any road ; or 

(3) constructs a latrine, urinal, cess-poo), house-drain or privy in 
contravention of the provisions of sections 230 and 231 ; or without the 
written permission of the Commissioners, digs or makes, or causes or 
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suffers to be dug or made, any excavations, cess-pool, tank or pit, in con- 
travention of the provisions of section 232 ; 

shall be liable, for every such offence, to a fine not exceeding twenty- 
five rupees. 

Sec. 272. — Whoever, within a municipality, 

(1) without the written consent of the Commissioners previously 
obtained, makes or causes to be made, or alters or causes to be altered, 
any drain leading into any of the sewers or drains vested in the Commis- 
sioners by this Act ; or 

(2) constructs any branch drain, privy or cess-pool contrary to the 
directions and regulations of the Commissioners or contrary to the provi- 
sions of this Act, or, without tlic consent of the Commissioners, constructs, 
re-builds or unstops any drain, privy or cess-pool which has been ordered 
by {hem to be demolished or stopped-iip or not to be made ; 

shall be liable, for each such offence to a fine not exceeding fifty 
rupees. 

Sec. 320. — In any municipality to which the provisions of this part 
(i.c. Part IX) shall have been extended in the manner prescribed by 
section 222, the Commissioners may issue a notice declaring that, from 
a date to be specified m such notice, they will maintain an establishment 
for the cleansing of private privies and cess-pools within the limits of the 
municipality, or any part thereof ; and the Commissioners shall make 
suitable provision accordmglv. 

Sec. 332. — If the Commissioners think that any latrine or additional 
or common latrine should bo provided for any house or land within the 
limits of the municipality, the owner of such house or land shall, within 
fourteen days after notice given by the Commissioners, or within such 
longer times as the Commissioners may for special reasons allow, cause 
such latrine to be constructed in accordance to the requisition of such 
notice ; and if such latrine is not constructed to the satisfaction of the 
Commissioners within such period, the Commissioners may cause the 
same to be constructed, and the expenses thereby incurred shall be paid 
by the owners, and shall be recoverable as provided m section 322. 

Sec. 350. — The Commissioners of any municipality may from time to 
time, at a meeting which shall have been convened expressly for the pur- 
pose, and of which due notice shall have been given, frame such by-laws 
as they deem fit, not being inconsistent with this Act, or vith any other 
general or special law, for — 

(b) regulating the use of, and the prevention of nuisances in regard 
to, public water supply, bathing and washing places, streams, channels, 
tanks and wells ; 

(c) regulating the disposal of sewage, offensive matter, carcases of 
animals and rubbish, and the management of privies, drains, cess-pools 
and sewers ; 

(d) regulating cremations and burials and the disposal of corpses ; 
etc., and may by such by-laws impose on offenders against the same such 
reasonable penalties as they think fit. 
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DISPOSAL OF THE DEAD 

Strange indeed arc many of the ceremonies attending the 
disposal of the dead in differejit parts of the world, and 
following the natural order of things, the more primitive 
the nation tlie more primitive its methods. The rudest 
mode now prevalent is that of simply leaving the body 
exposed, but the ways of exposure vary considerably. 
The Wanyamwesi in Africa, carry their dead into the 
forest to be devoured by beasts of prey, while some of 
the tribes of Guinea throw the corpse into the sea. The 
Kamtehadaies keep dogs to consume tlieir dead. The 
Parsees place their dead in a round tower, called the 
Tower of Silence. 

Ilurial, of course, has many different forms, the simplest 
of which is perhaps the piling of stones or thorns over 
the body to keep off wild beasts. Cremation^ perhaps, 
is an earlier custom than that of burial in the earth, 
embalming, or drying the body by suspending it from a 
tree. 

Safe disposal of the dead in such a manner as not to 
affect the public health is an important sanitary problem. 
Customs associated with their disposal are too well 
established. Any modification, therefore, in the direc- 
tion of improvement— -whenever the existing methods are 
opposed to sanitary ideals — should be made ‘‘ having due 
regard to the sentiment of the relations and the populace 
generally and to the religious observances peculiar to 
each sect.” The method of removal of the dead for dis- 
posal is no less important. The usual practice in India 
is to carry the body on a charpoy ; but with certain poor 
classes it is often carried tied on to a piece of bamboo. 
Moreover, the bodies arc not always properly covered. 
Such a practice is not only unsightly but unhygienic. 
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Cremation or Burning 

Cremation may be said to have been the general 
practice of the ancient world, with the exception of Egypt, 
where the bodies were embalmed : Judica, where they 
were buried in sepulchres ; and China, where they were 
buried in the earth. Cremation is the most satisfactory 
method of dis])osal of tlic dead, and is the old-estalilished 
custom with the Hindus, w]\o burn the body on a pyre in 
the open air. By this method the body is reduced to a 
small quantity of odourless ash within about three hours. 
The bodies are cremated on the banks of rivers, and 
in th"' absence of a river, on the bank of some tank. 
The usual fuel is wood (ordinary soondry or goran)^ and 
costs about six rupees (ten shillings). The quanlity of 
find required to comphdely consume the corpse of an 
adult is about five maunds or 400 lbs. The bodies are 
as a rule so covered by wood that very little can be seen. 
The smell is jiardly perceptible at a short distance, and 
if the place is enclosed by a wall the nuisance to the 
neighbourhood is reduced to a minimum. When any 
special kind of wood, e.g., sandal wood, is used, the cost 
becomes proportiouahdy higher. 

In large cities cremation acquires an increased import- 
ance on account of the promptitude with which dead 
bodies may be disposed of during epidemics, as fire removes 
all traces of contagion that might remain in a grave-yard. 
A burning ground also occupies less space. The smoke 
and smell coming from a burning ground, especially 
when it is busy, indicate that the temperature of the 
fire is insufficient, and heat is being wasted. An open 
fire cannot concentrate its heat on a body, and the 
smoke proves that the air supply is defective. To 
consume a bodv rapidly, completely, and without offence 
within a city the fire should reach its highest temperature 
before the body is placed in it, and this is only possible 
when it is enclosed in a properly constructed furnace. 

The chief objection to cremation is that it affords 
facilities for concealing evidences of crime. By making 
proper arrangements for examination of the dead bodies. 
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or by insisting on the production of death certificates 
from qualified medical men, such an objection may be 
overruled. Poisons, like copper, arsenic, etc., might be 
detected from the ashes or unburnt pieces of wood. It is 
desirable, whenever possible, that burning places should 
be at least 500 ft. away from any inhabited locality. 

Cremation is gradually becoming popular with the 
Europeans, and a crematorium has been established in 
Calcutta. The most perfect cremation furnace should 
consist of a bed of finely broken quartz, seven feet long 
and twenty-eight inches wide, supplied from beneath with 
a mixture of gas and air, which when properly adjusted 
burns without visible flame, rendering the quartz bed 
nearly white hot. The temperature is upwards of 3,600®F. 
Tfus heat will decompose Avater to its elements and 
consume all organic matter. The furnace should be en- 
closed with an opening above to let out the invisible and 
odourless products of combustion. The process will 
last for about half an hour and the residue left will be a 
small quantity of white lime from the bones. A number of 
these furnaces could be put in a very limited space, no 
solid fuel Avould be needed, and one air compressor 
would serve them all. 

Earth Burial 

The object of burial being speedy resolution and 
complete oxidation, the soil best suited for the purpose is 
a sandy or calcareous loam. This should be reasonably 
porous and light, and either naturall}^ or artificially 
drained to a depth of 8 ft. Clay soil is bad as it cannot 
be drained properly, and allows the products of putrelac- 
tion to escape through cracks in dry Aveather. The sam^ 
objection applies to a chalky soil. Burial is a very expen- 
sive method of disposing of the dead ; besides the initial 
outlay of purchasing the land there is a recurring expendi- 
ture for establishment, structural repairs, etc. 

In the selection of a burial-ground the following points 
should be attended to : ^ 

1. The ground should not be high, as the natural 
drainage may pollute the Avater-supply at a lower level. 

19 
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2. The area should be marked into plots, and provided 
with pathways at convenient intervals. 

3. The area should be outside the town and outside 
the limits of future buildings. The ground should not 
adjoin dwellings, and trees and shrubs should be planted 
to absorb the carbonic acid given off during the disintegra- 
tion of the bodies. 

Overcrowded cemetries influence the health of the 
people of the locality prejudicially by {a) contamination 
of the air ; (b) contamination of the water by products 
of decomposition ; and (c) contamination of water-supply 
by specific organisms. 

The number of full-sized non -masonry graves to a 
cottah (720 sq. ft.) of land, allowing 6 ft. by ft. for 
each, and a space of 4 ft. between, would be only twelve 
or two hundred and forty to the bigha. If the inter- 
mediate spaces could be utilised in future without dis- 
turbing the graves, one bigha will altogether accommodate 
480 corpses. In Calcutta, ordinarily, 7 ft. by 1 ft. is allot- 
ted for full-size (above ten years) non-masonry graves, 
5 ft. by 3 ft. for children under ten, and 3 ft. by 2| ft. 
for infants under one year. The area should be marked 
out in plots and interments made in regular lines with 
pathways at convenient intervals. Deep burial should 
be avoided, and a space of at least 2 ft. should be left 
between the level of the subsoil water and the dead bodies. 
The use of metallic or strong wooden coffins, brick graves 
or vaults, helps to preserve the bodies for a long time, and 
thus interferes with their proper resolution and oxidation. 
Bodies should be interred in easily destructible coflins, 
3 to 5 ft. below the surface of the earth, where the micro- 
organisms exist in abundance. Too shallow a burial 
should be avoided, as there is risk of the graves being 
dug up by jackals or other animals, and in all cases 
should be protected by strong fencing. It takes about a 
year for the soft parts to disappear inoffensively. 

The practice of burying the dead within the house is 
not uncommon in villages ; this should be condemned. 
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PERSONAL HYGIENE 

Personal hygiene is not only concerned with matters 
touching the health of the individual, but also embraces 
certain personal factors conducive to good health. They 
are : habit, constitution, heredity, idiosyncrasy, temper- 
ament, cleanliness, clothing, exercise, etc. 

Habit. — Habit plays an important part in the preserva- 
tion of health. It is readily formed, grows by practice, 
and eventuall)?' becomes part and parcel of nature, making 
its eradication a matter of great difficulty. It is for 
this that habit is called second nature. The influence of 
habit in the formation of the character of individuals is 
known to all, but its influence on the physical and mental 
condition of men, particularly of children, can never be 
over-estimated. Indeed, it is productive of good and 
abortive of evil. A child brought up under a healthy 
hygienic environment will not tolerate the shutting up 
of all doors and windows or other ventilating openings. 
This subject may be discussed under the following heads, 
which are more or less influenced by habit : 

(a) Eating and Drinking . — A regular habit with regard 
to eating and drinking is essential for the preservation 
of health. Food, which must always be wholesome, 
should be properly masticated and eaten slowly. It is 
a bad habit to overload the stomach. Alcohol, as a 
rule, should be avoided, and the very fact of craving for 
it is an indication of ill-health. 

The following are some of the points which should be 
carefully attended to : — 

1. Always wait for a true appetite. 

2. Select the food the appetite particularly craves for 
at the moment. 

8. Masticate well. 
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4. Do not swallow a mouthful unless it swallows itself. 

5. Avoid reading during meals. 

6. Agreeable society at meal times is advantageous. 

There are certain noteworthy differences between 

those who are beyond sixty and those who are in middle 
life as regards physiology, pathology, tendencies to disease 
and vital resistance. This is particularly noticeable 
with regard to the two most important functions of 
animal life — eating and sleeping. Long ago Hippocrates 
declared in one of his aphorisms, “ The old stand fasting 
much better than those of middle age, and those of middle 
age much better than the young. Children are very 
easily hurt by lack of food.” This is the keynote of eating 
among the old. They need less food than in earlier years, 
and if they insist on eating as much as formerly they 
suffer from it. It is easy to understand the reason for 
this. They are not nearly as active as in middle life, rmd 
their heat yiroeesses within the body arc much slower. 
Moderation in eating is of the first importanee for the old. 

(b) Smokirig . — Smoking is not essential and should be 
avoided by young persons. The hooka or hubble-bubble is 
the best way of smoking tobacco ns the smoke in passing 
through the water in the hooka is deprivaai of the nico- 
tine and other injurious substances. To]:)aceo smoking 
has a soothing effect and gives to the smoker a peculiar 
feeling of pleasure. Excessive smoking, or smoking for 
the first time, produces sickness, feeling of depression and 
muscular weakness. Smoking sonn^tin es affects the 
heart and inveterate smokers may be the victims of occa- 
sional fainting fits. The worst habit is tobacco chewing, 
for, even if the saliv^a be not swallowed, a great portion 
of the juiec is absorbed. Nicotine often causes y)remature 
hardening of the arteries leading to degeneration of 
the tissues. The habit of smoking should never be 
indulged in by anyone below the age of tuenty-one 
years. 

According to Sir Joseph Fayrer it frequently disturbs 
the equilibrium of the nervous system and the action of 
the heart, causing giddiness, muscular tremor and pal- 
pitation ; it impairs digestion, depresses the system men- 
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tally and physically, and muddles the intellectual system. 
Cancer of the lip and tongue and chronic inflammation 
of the back and sides of the throat are often ascribed 
to it. We would counsel those who have acquired the 
habit and decline to relinquish it, to smoke the mildest 
tobacco — as seldom as possible — only after eating, and 
never in the morning, or not till after lunch ; or, what is 
still better, not till after the evening repast. 

(c) Sleep , — This is the only form of complete periodical 
rest of both body and mind. Alternate periods of rest 
and activity are common to all living beings. Action 
involves destruction and discharge of function implies 
consumption of structure. Waste must be repaired and 
the repair must be equal to the waste. The necessity for 
sleep arises from the demand of eertain nerve-centres 
which undergo waste during the hours of activity. The 
heart, the lungs, and the digestive tract and other organs 
continue to perform their respective work during sleep. 

Sleep is really rest of the brain, but the spinal cord 
and the sympathetic system never sleep. Like other 
forms of rest it varies in degree and may be very slight — 
mere drowsiness, or very profound —complete cessation 
of all the functions. 

The amount of sleep varies with age, occupation, and 
habit. Excessive sleep makes the brain less active, while 
its deficiency leads to prostration and general restlessness, 
and sometimes to sleeplessness. The amount of sleep 
required varies with ; 

(i) Age . — Infants sleep the greater part of the day, and 
the duration decreases as age advances ; adults requiring 
about six hours’ sleep. The most important factor for 
the retention of health in age is sleep. Those above sixty 
need more sleep than they did in middle life, or at least 
need to spend more of their time in a reclining position. 
It is not absolutely necessary that they should sleep all 
the time, but they ought to spend at least eight hours 
lying down with all portions of the body on about the 
same level, so as to save their hearts the necessity for 
pumping blood against the force of gravity. The saving 
of the hearts by lying down is extremely favourable for 
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old hearts. Besides, the old should lie down for some 
time about the middle of their working day. 

(ii) Sickness. — Weak, debilitated and sick persons re- 
quire more sleep and repose than healthy ones. 

(iii) Occupation . — Persons engaged in brain work 
require more rest and sleep than those doing physical 
labour. 

To sleep immediately after meals is a bad practice. 
The old adage ‘‘ after sup])er walk a mile ” holds good at 
all times. The bed should be firm and elastic, and exposed 
to the sun daily. The head should always rest on a 
pillow, and the body, barring the head and face, should 
be covered with a sheet. The pernicious habit of a 
number of persons sleeping together in the same room 
and of covering the head and face is ])artly responsible 
for the feeble and weak health of the peo])le of this 
country. 

Mid-day Sleep. - In India and other hot climates the 
tendency to indolence or lethargy is promoted by the 
heat, whether dry or moist, and more particularly by a 
hot, muggy, humid atmosphere, as in Calcutta, Dacca, 
or Bombay. To yield too much to this feeling, which 
only requires encouragement to degenerate into a con- 
firmed habit, is injurious,” is the opinion of Sir Joseph 
Fayrer. But it seems that a short nap, especially in 
the summer, particularly with those engaged in active 
work in the morning, is not only refreshing but in- 
vigorating. 

Constitution. — Individual differences in constitution 
exist in different persons. Some are strong and robust, 
while others are feeble and weak. IMoreovcr, resistance 
to disease varies with the constitution. A man with a 
strong or robust constitution does not fall an easy victim 
to disease. 

The constitution of a person is partly acquired and 
partly inherited, and a strong constitution may be enfee- 
bled under unhygienic conditions, while a delicate one 
may improve under hygienic ones. 

Heredity. — ^This has a great influence on health. Cer- 
tain diseases arc generally transmitted to the offspring. 
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e.g. gout, insanity, syphilis, etc. The appearance in one 
individual of traits not possessed by his parents, but 
known to have belonged to his more remote ancestors, is 
termed Atavism, Mental peculiarity and similarity of 
features are often inherited. 

Idiosyncrasy. — By this is meant a peculiar suscepti- 
bility of some persons to be influenced by certain morbid 
agencies or medicinal preparations, e.g,, the appearance 
of nettle-rash with some as a result of taking shell -fish. 


Cluanlixess 


The most important condition of healthful growth and 
develo]>ment is cleanliness. Dirt is not only harmful but 
antagonistic to our very existence. Cleanliness with 
regard to the food we eat, the air we breathe, and the 
water we drink, is imperative for good health. In India 
ch'ansing of the skin is of immense value inasmuch as the 
amount of perspiration and excretion of solids is con- 
siderable. In fact, much of the work of the kidneys and 
lungs is performed by the skin in hot countries. The 
sweat glands which open on the surface of the skin help 
to relieve the body of a portion of the effete material. If 
they are blocked up by dirt not only is their action inter- 
fered with and extra work thrown on the lungs and 
kidneys, init they form favourable sites for the production 
or pro])agation of diseases of the skin. It is therefore of 
primary importance to see that the orifices of these glands 
are kept clean. The sebaceous glands secrete an oily 
substance which acts as a natural pomade. Certain parts 
of the body like the armpits give out an unpleasant odour 
from their secretions and so require regular cleaning. 
Cleansing of the skin is best effected by soap and water. 

Soap. -When an oil or fatty acid, c.^., palmitic, stearic, 
or oleic, is acted upon by an alkali (sodium or potassium 
salt) soap is produced, with glycerin as a by-product. 
Potash soaps arc known as soft soaps^ and they are highly 
deliquescent ; while soda soaps are called hard soaps. 
Excess of soda irritates the skin. 
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It should be observed that individually the substances 
employed in the manufacture of ordinary soap are ill- 
suited for the purpose of cleansing the skin. Caustic 
soda is corrosiv^e and dissolves the cuticle, while the oils 
and fats do not mix with water. But by their chemical 
action a new compound is formed which is almost harm- 
less to most skins and their dcstructiv^e qualities are 
entirely lost. 

In India inunction of the body with some bland oil 
before bathing is a very popular custom. The oils usually 
used are either the expressed oil of mustard or coeoanut 
oil either by itself or perfumed. The utility of such a prac- 
tice is evident. It not only keeps the bod\^ cool, renders 
the skin soft and suppl(‘, and helps the iiit reduction of a 
certain amount of fat, l)ut entangles the dirt of the body 
and facilitates its removal during bathing, especially 
when soap is used. Alon'ovcr, it faeilitat(‘S shamj^ooning 
or massaging of the body which may with advantage be 
done just before a bath. By kneading and rubbing the 
circulation is quickened and the muscles exercised, giving 
an exhilarating and refreshing feeling. 

Baths. -Baths arc necessary not only for cK*anlin(‘ss but 
also for their benclicent action on the skin and intinmal 
organs. iVccording to Professor Braun baths are less 
needed by those who perform muscular Avork, because 
the functions of the skin and perspiration are sullicumt in 
themselves to perform the task of cleansing. 

Jiaths may be classifical according to the IcmpiTature 
of the water, as follows : 


Cold 

. . to 

05° F 

Cool 

. . (>5° to 

75° F 

Temperate* 

. , 75° to 

85° F 

Tepid 

, . S5° to 

02° F 

Warm 

. . 02° to 

08° !-' 

Hot 

. . 08° to 

1 12° F 


Warm Hath, -It has a stimulating action on the skin 
and reflexly excites the heart and circulation. As a 
cleansing agent, a warm bath, when used with soap, is 
the best. It increases the danger of chills if there is 
subsequent exposure, but this sensibility to cold may 
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be obviated by a rapid cold sponging and then drying 
the body quickly. 

Cold Bath , — The first effect produced by a cold bath is 
one of shock followed by contraction of the superficial 
blood vessels, but the vessels dilate very soon, giving the 
person a feeling of warmth and pleasure. Cold baths 
should be taken as quickly as possible and the body 
covered immediately afterwards. People living close to 
the sea, lake or river, usually take ‘‘ plunge baths ” ; 
these are beneficial to the young and the healthy, and for 
those possessing the power of ready reaction. 

Baths should not be taken during a fast, or just after a 
full meal, or during exhaustion. The best time for taking 
a bath is the morning ; if taken at night it should, as a 
rule, be a warm one. 

The skin is a delicate organ, and when covered by 
clothing becomes higlily sensitive to thermic influences. 
Hence the ]X‘ople of India, who are accustomed to keep 
tlv ir body bare, rarely suffer from the effects of cold to 
the same extent as Europeans. The temperature of the 
bath should first of all be such as can be borne without 
discomfort ; tlien it should gradually be reduced, and in 
this way only sensitive skins may be brought to bear 
perfectly cold water. But the temperature of water 
should always depend upon what is called the power of 
reaction, that is readjustment of the free cutaneous 
circulation without giving rise to any internal congestion. 
Sometimes, instead of that pleasant feeling of exhilaration, 
vigour, and greater capacity for mental and physical 
work, the reaction is delayed and the vessels remain 
(‘onsi rieted, as (‘videnced by a sensation of fullness of the 
liead and abdoiiKui, faintness, tight feeling over the chest, 
and depression. Then the cold bath is unsuited and must 
be discontinued. Under such cireumstanees the water 
should have the chill taken off, be tepid, or even warm. 

Personal Cleanliness. —This involves attention to the 
skin, mouth, nails, hairs, and other jiarts of the body. 
The mouth should be kept perfectly clean and teeth 
regularly attended to. Tomes gives the following direc- 
tions for the proper management of teeth : “ The teeth 
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should be thoroughly cleaned at least twice a day with 
a brush of only moderate hardness ; and if the teeth arc 
inclined to decay between, or there are fillings between 
them, floss silk should be carefully passed through, so as to 
thoroughly clean the surface. Any place where the food 
habitually lodges, and whence it is not promptly removed, 
is quite sure to decay sooner or later ; and on the other 
hand teeth rarely decay on a fully exposed surface. It 
will be seen, therefore, that most scrupulous cleanliness 
is the best of all preservatives for the teeth, and that the 
more delicate they ar(% the greater the need of frequent 
and thorough brushing- -a thing which can hardly be 
overdone.” 

The tongue should be cleansed by a tongue-cleanser 
every morning. The naiU rt'quin' to be kept clean and 
cut short, otherwise dirt will lodge under them and may 
carry infection. The hair requires to be daily brushed and 
combed. The chief necessity for the hair is not so much 
daily ablution, for this may be carried to excess, but 
cleanliness. Proper and thorough cleansing is required 
both for men and women. This is best done with soap 
and hot water, or yolk of egg, washing soda, or better 
still by the use of f<oap nvt solution (water prepared by 
steeping soap nut for a few hours). One should always 
practice to shave himself and must avoid a barber’s 
razor. 


Clothing 

The principal objects of clothing are : 

1. To afford protection to the body against heat and 
cold, and external injuries ; 

2. To assist in the maintenance of bodily heat ; 

3. For personal decoration and ornamentation (of 
lesser importance). 

A perfect dress, therefore, should fulfil the above 
requirements. The materials for the dress should be 
such as to exercise no harmful effect on the skin directly 
in contact with it. Children and old people are very sus- 
ceptible to changes of temperature, and are more prone 
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to suffer from congestion or inflammation of the internal 
organs ; partieular care should therefore be taken in the 
matter of their dress. 

The following points should be considered in the 
selection of materials for dress : 

1. The dress should in no way interfere with the 
healthy action of the skin ; for this purpose porous 
materials which absorb moisture readily should be prefer- 
red. The use of flannel or gauze banians next to the 
skin lessens the liability to attacks of chill. Certain 
materials absorb heat and are non-conductors others 
again re/leet more. By a careful selection we can so 
prepare our clothing as to suit all climates and seasons. 
In cold weather the non-conducting properties will not 
permit the escape of the animal heat excepting in a very 
tardy manner, and during hot weather they will be slow 
to conduct heat to the skin from without. The greatest 
amount of heat will be derived from wool and the least 
from linen. 

It is of little consequence Avhether the dress worn next 
to the skin is red, blue, or white, as long as it will main- 
tain the proper heat of the body. But it makes a great 
deal of differoice with regard to heat that acts upon 
the body from without. The same material will absorb 
different amounts of heat when dyed with different colours. 

2. All tight clothes should be avoided, as they inter- 
fere with circulation, respiration, digestion, and the action 
of muscles. Other things being equal, a loose dress is 
warmer than a tight-fitting one. In loose-fitting garments 
there is a stratum of air between the skin and the articles 
of dress which has an important influence on the bodily 
heat. Air is a bad conductor of heat, and here it acts 
in the same way as a separate garment. Garters of every 
description should be condemned— they compress the 
superficial veins and give rise to a feeling of heaviness and 
may lead to the development of varicose veins. 

3. The w^armth of the clothing should be distributed 
throughout the body uniformly. 

t. All clothes should be light and warm, and their 
weight should be uniformly distributed. 
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5. They should not hav'e any irritating or poisonous 
action on the skin. Certain clothes are coloured with 
poisonous dyes and the poison generally used is arsenic. 
Some materials again have an irritating or stimulating 
effect on the skin, depending on its sensitiveness and the 
susceptibility of the individual. Some persons cannot 
wear woolei\ or flannel underwear ; but the body accom- 
modates itself to a variety of circumstances, and a sensitive 
skin becomes very soon accustomed to the stimulation, 
and ceases to respond to a rough garment. 

Materials for Clothing 

The materials used for clothing are derived partly from 
the animal and partly from the vegetable kingdom. From 
the former is derived wool, silk, fur, leather, etc. ; and 
from the latter — cotton, hemp, flax, etc. Of these, wool, 
silk, cotton, and flax are th(‘ most important and com- 
monly used. These can be distinguished by their physical 
anrt microscopical characters and by chemical reactions. 

Wool , — It is the natural covering of mary animals. 
Its value depeiuls upon the presence of oil and fat, and in 
the form of cloth it imprisons a certain amount of air 
between its interstices, thus preventing heat passing 
through it. It therefore forms a valuable garment in 
India during winter. Its hygroscopic proiierty is of much 
value in the hygiem* of clothing. 

During profuse ]>erspiration, wool absorbs water and 
diffuses it through its meshes. This water undergoes 
evaporation, but tin* cooling effect which might have 
been harmful to the body is directed towards tlu* garnunits 
and is removed from tlie skin. As underelot hing, there- 
fore, woolen garments have overwlielming advantages, 
and of all materials they are best suitici for varying 
circumstances of life. Wool is, as a rule, luaivy and often 
irritates the skin when worn next to it. For tlu; old, the 
delicate, the scrofulous and the rheumatic, woolen under- 
dress is especially beneficial. Woohm mate rials are less 
cleanly than cotton or linen ones, because they soil less 
readily and show less the outward signs of dirt, and shrink 
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on washing. Woolen garments should be smooth and 
soft and the texture should be close. 

Silk . — Silk is a fibrous substance spun by the silk- 
worm. The fibres arc about in. wide, having no 

scales or surface markings. It is a bad conductor of heat, 
less absorbent than wool, but better than cotton. It is 
soft, smooth, and gives a soothing feeling to the skin, and 
is therefore the best material for underwear. 

Satin is a special preparation of silk with a smooth 
polished surface. 

Leather . — Leather is chiefly used for boots, but being 
very r^losc and firm in its texture it forms an exceedingly 
warm covering, as it allows no air to penetrate through it. 
The skins of the ox, sheep, horse, and goat are generally 
used. It is impervious to moisture and therefore keeps 
the skin not only hot but clammy. The chief objection 
to its use is that it gets stiff when dried after washing. 

Feathers . — Their use is more for ornamental purposes 
than for covering the body. Pillows and quilts are often 
stuffed with them. 

Cotton is the downy hair enclosing the seeds of the 
different species of the plant gossypium. The fibres are 
flat and ribbon-like, varying from 

in thickness. Cotton has the advantage of being hard, 
durable, and cheap. It absorbs odours readily, is warmer 
than linen, and does not shrink in washing. Its fibres are 
hard and it is inferior to wool as warm clothing. It is 
mixed up with woolen materials to increase durability 
and to prevent shrinking. It is a good conductor of heat 
and conveys to the skin the heat from without and allows 
the body to be rapidly influenced by the conditions of the 
external atmosphere. But cotton materials, unlike woolen 
fibres, have a very feeble hygroscopic property. 

Cellular cloth is made from cotton, and the fibres are so 
woven as to leave cellular air interspaces in the texture. 
The enclosed air being a bad conductor helps to retain 
tlic heat of the body. 

Linen . — This is made from flax which is obtained from 
the fibres of the flax plant. It is a good conductor of heat 
like cotton and bad absorbent of moisture. It has no 
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advantage over cotton as an article of clothing ; as it can 
be woven into finer materials it takes a higher finish. 

Cummerbund. — A chill in hot climates often leads to 
serious intestinal troubles in Europeans, and a flannel 
binder or a cholera belt should as a rule be worn, especially 
at night. It is rather difficult to keep a flannel binder in 
position, and a cholera belt is best for the purpose. A 
bed sheet or a blanket is often tossed off, and the abdomen 
is chilled by the draught of the punkah or fan which is 
often kept going the whole night. 

Socks or Stockings should always be worn with boots 
or shoes, although the practice with most people in India 
is to do away Avith them. They should not be very 
tight or pointed at the extremity ; when too short they 
cramp the toes, and when too long, as often happens 
with children with the object of “ allowance for growth,” 
a mass of superfluous material remains at the extremity 
of the boot. They should be washed or exposed to the 
sun daily as they smell baclly from perspiration. 

Boots and Shoes. — They should conform to the normal 
outline of the sole. The measurement of the foot should 
be taken when resting on the ground and always over a 
thick pair of socks. It is better to have a size bigger than 
is actually necessary. The sole should be flexible ; a 
rigid sole destroys the main action of the foot in the act 
of walking. The leather should be soft and pliable, con- 
sistent with strength. Boots should be worn in pre- 
ference to shoes to protect the ankles from the bites of 
mosquitoes. 

Clothing for Children. — The general principles already 
laid down apply equally to children ; but certain condi- 
tions render the dress of this period of life a matter for 
special consideration : 

(a) Infants require to be properly protected by cloth- 
ing. Their clothing should be soft, light, warm, and 
loose. The notion that by clothing children lightly and 
by exposing them at an early period to cold, they become 
accustomed to fluctuations of temperature and are 
“ hardened ” is a delusion, and is accountable for no 
small contribution to infant mortality. 
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(b) The dress should be loose and free from constric- 
tions. 

(c) Under no circumstances should the garments 
be tied tightly to the waist. They should be light and 
in number consistent with the due protection of the 
body. 

{d) The body should be perfectly and evenly covered 
with clothing. 


Exercise 

The necessity of exercise for the preservation of health 
cannot be over-estimated, yet perhaps few realise the im- 
portance of the changes it involves. Exercise is essential 
for the different organs of the body to work easily and 
effectively. It is also necessary to excite the demand 
for oxygen required for utilization of food and to promote 
the repair and formation of tissues. It is extremely 
important for old age not to lapse into habits of inacti- 
vity ,* there is the temptation of a man well on in years to 
give up walking to a great extent, to ride in carriages and 
to sit in the house a great deal. What has been learnt 
about the heart in recent years shows that unless it 
gets a certain definite amount of exercise it does not do 
its work as well as it otherwise would. According 
to Parkes a man takes about eight and a half ounces more 
of oxygen on a “ work day ” than on a “ rest day.” 
Exercise should therefore be taken in the open air to 
allow a free supply of oxygen for the demands of nature. 
Physiological exercises are useful in the following 
ways* : — 

1 . To develop the weakly and the overgrown. 

2. To restore those convalescent, whether generally 
as from illness, or locally as from injury. 

3. To correct during youth various deformities. 

4. To relieve certain conditions — as debility and 
obesity. 

5. To relieve local conditions after certain lung diseases. 


Albutt’s Syst&m of Medicine, t^ol, 1. 
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6. To preserve the healthy tone of the body of those 
who by necessity or habit, virtue or vice, cannot do so 
in their ordinary life, 

7. To enable the body to counteract the baneful 
effects of educational efforts focussed on the mind. 

8. As an educational measure for the mentally 
deficient. 

Effects of Exercise on Different Organs 

1. Respiratory System. — During exercise the action of 
the lungs should be thoroughly free, and there should not 
be any impediment to the full play of the chest by dress 
or any other means. The pulmonary circulation is 
quickened, the amount of air inspired and of carbon 
expired is greatly increased. It is obvious that increased 
output demands increased supply of food and fresh air. 
Alcohol diminishes the excretion of COg and should 
therefore be avoided during exercise. 

2. Circulatory System, — Active exercise increases the 
force and frequency of the heart with acceleration of 
circulation, but this is followed by a period of depres- 
sion. 

3. Muscular System. — ^The nutrition of muscles is im- 
proved which contributes to their growth and energy. 
It seems probable that muscles lose w^atcr during exer- 
cise. 

4. Cutaneous System. — Exercise promotes the action 
of the skin. It leads to engorgement of the vessels with 
increased perspiration which in evaporating from the 
surface of the skin reduces and regulates the temperature. 
But during active exercise there is less danger of chill, 
as the loss is replaced by a rapid supply. The risk, 
however, increases after exercise and therefore the surface 
of the body which was exposed during exercise requires 
to be covered and protected from undue loss of heat. 

5. Urinary System. — The excretion of urea is un- 
affected but uric acid is increased. On account of the 
Increased action of the skin the watery portion and the 
chlorides of urine are diminished. 
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6. Nervous System , — Men engaged in brain work must 
recreate themselves with active exercise which leads to 
perfect performance of mental work. 

7. Alimentary System. Th.o amount of feces passed 
is lessened, and by removing constipation it induces a 
regular action of the bowels. 

Effects of Excessive Exercise. — Excessive exercise 
causes either nervous or muscular fatigue. Mental fatigue 
is an important factor particularly with the young, the 
weak, and the invalid. For those with a sedentary 
habit it is best to have recourse to graduated exercise 
which re(piires some effort of the mind and will in its 
execution. Riding, rowing, swimming, etc., may with 
advantage be undertaken buy them. For neurasthenic 
people an opposite course demanding less nervous effort 
is necessary. 

Diseases of the heart — such as palpitation, hyper- 
trojihy, etc., or muscular wasting, may be caused by 
excessive exercise. After exercise the body should be 
washed or sponged, and since exercise increases elimina- 
tion of water, salts, carbon, and nitrogen from the body 
it is essential that these should be replaced. Along with 
exercise rest is equally necessary, and it is said that exces- 
sive exercise lowers the opsonic index even in perfectly 
healthy persons. 

Amount of Exercise Necessary.- It is rather difficult 
to determine even in the case of an average man the 
amount of exercise that should be taken to maintain 
health. Ry “ unit of work ” is generally meant to be 
the quantity of work which is done in lifting one pound 
through a height of one foot ; this quantity of work is 
called one “ foot jiouud.” According to Parkes an ordi- 
nary day’s physical work for a healthy man is equivalent 
to raising 250 to *350 tons one foot high ; this is a moderate 
amount, 400 tons being a heavy day’s work. The amount 
of museular exercise involved in this may bo easily known 
by remembering that a walk of 20 miles on a level road 
is equivalent to about 358f tons lifted one foot ; and that 
a walk of ten miles while carrying 60 lbs. is equivalent 
to 247i tons lifted one foot (Haughton). 

20 
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It has been calculated that at an ordinary rate of three 
miles per hour, a man, walking along level ground, does 
work equivalent to raising his own weight, vertically, 

through^ th the distance travelled ; or raises 2(7^^ of his 

weight through the whole distance travelled. 

The fraction c)r approximateh^-^r is spoken of 

as the co-efficient of traction, and varies with the rate of 
walking. At three n iles jier hour, on a level ground, it 

is equivalent to at four miles =7—-^ and at five 

20. .50 16.75 

1 


* To estimate the amount of work done by a man in 
walking the following formula is generally used : 

Let W = Weight of the man in pounds. 

W' —Weight he carries. 

D X Distance walked in feet. 

C =Co-efiic^ent of traction. 

(W-f-W') X D 

Then ^ ^ C — foot tons (2.210 is the number 


of pounds in a ton). 

The following rules should be observed with regard to 
exercise. 

1. Exercise should be taken in the open air, repeated 
daily about the same hour, and never taken just after or 
before a meal. 

2. Every part of the body should sliare in the exercise. 

3. Exercise should be regular and systematic. 

4. Chills should be avoided after exercise. 

5. The amount of exercise should be regulated accord- 
ing to the age and physical development of the person. 
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CLIMATE AND METEOROLOGY 

The climate of a p^ace or re^jfioii is the sum total of all the 
meteorological conJilions in their relai ion to animal and 
vegetable Ide. It was formerly supposed that the climate 
of a place was dependent ujion its distance from the 
ecpiator. Although this is an important factor in the 
determination of climate there are otlier conditions which 
also materially alTect the climate of a particular place. 
They are : 

1. The allitude. 

2. Distance from the sea. 

♦‘3. Prevailing wind. 

4. Nature of the soil. 

5. l^roximitv of mountains and hills. 

G. Uainfall.^ 

Pcsides the above the following conditions affect the 
climate of a given locality : 

{a) Cultivation of the soil. 

(b) IVesence of marshes, tanks, etc. 

(( ) Presence or absence of forests. 

There can be no doubt that climatic conditions have 
an important effect on healtn, as is evidenced by the 
geographical distribution and seasonal prevalence of 
disease. Further, it is a known fact that climate is an 
important factor in dcteimining the characteristics of tne 
races of mankind. Amongst these may be mentioned 
variations in the pigmentation of the skin. There are 
other variations chiefly due to environment developed in 
the course of many centuries. In the north-west of India 
the dry climate and the constant struggles with man and 
nature have combined to produce a race brave and hardy 
with good physical development. 
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The tropical zone embraces nearly half of the earth’s 
surface, and is bounded by the tropics of Cancer and 
Capricorn — lat. 22® 5' north and south —by the mean 
annual isotherms of 68® and by the polar margins of the 
trade winds. 


Acclimatisation 

Acclimatisation means adaptation to a particular 
climate. There arc two \icws regarding acclimatisa- 
tion. One school holds that acclimatisation is impossible 
and that Europeans can nes cr be acclimatised in a tropical 
climate. Accordinj^ to them deterioration caused by 
climatological factors and endemic diseases will either 
kill them or render their existence imyiossihle ; while 
Livinj^stone, the late (hshop IJannimylon, and Dr. Sambon 
arc of opinion that rapid acclimatisation is ])ossihle for 
Europeans. But it a])|)ears that althoiudi acclimatisa- 
tion of Kuropcans is possible in course* of time, any attcuript 
at rapid acclimatisation has an infliumec* injurious to 
health. If carefully selected mdivuluals are allowed to 
colonise in wcll-choscn tropical areas witli facilities for 
occasional chanjQfcs to the* lulls, there is no reason why 
acclimatisation should prove an impossibility. But this 
must be very slow, and persons with a tendency to any 
chronic disease like jtout or rheumatism, diabides or albu- 
minuria, or those sufferinf( either form accpiired or here- 
ditary syphilis, arc not so well suited for the pur]>ose. 

Acclimatisation is effected by a slow process of chancfc 
takinf^ place cither in the individual or in the race by con- 
stitutional modifications brought on in different ^renera- 
tions. The body adapts itself to the circumstanees and 
conditions in which it is placed. AH Europeans however 
cannot be acclimatised in .a ^]fiven area eipially. I^esides 
the climatology of their original residence, rhe habits, 
customs, and other peculiarities have to be taken into 
account with reiyard to their adaptability for emi^yration. 
But selected persons from almost every European nation 
may thrive all over the world. 

Rapid acclimatisation with regard to Europeans is 
only possible in the temperate zone. It has been suggested 
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that acclimatisation of Europeans in India is impossible 
unless they intermarry. But this is not true acclimatisa- 
tion ; for, the race is altered and transformed into a 
mixed race, which ultimately has very little in common 
with the original stock. 

Race itself does not always provide us with a definite 
proof of capability of acclimatisation, for in India the 
Hindu population, notwithstanding its Aryan origin, has 
thriven under unfavourable circumstances, and even in 
malarial districts, thus presenting a striking contrast to 
the English (also an Aryan race), whose intolerance of the 
Indian climate is obvious.* 

Climate in Relation to Health 

Various meteorological conditions have an important 
influence on climate and health. Of these temperature, 
humidity, and atmospheric presssure demand special con- 
sideration. 

Temperature.— The temperature of the air influences 
the climate, and forms the basis for its classification. The 
chief source of heat in the atmosphere is the sun, but 
distinction must be made between the “sun heat’’ or 
“ radiant lieat ” and the “ air heat ” or “ shade tempera- 
ture.” Radiant heat is the heat directly radiated from 
the sun which warms the human body and other solid 
and liquid objects on which it falls ; but it has very little 
power in warming the air through which it passes. Shade 
temperature is the result of the emanation of heat which 
the sun’s rays have imparted to the surface of the earth. 
In sea coast regions the temjieraturc is influenced by the 
ocean and the flifference between the hot and cold seasons 
is less marked, and the climate is known as equable. In 
mountainous regions the altitude diminishes the mean 
annual range of temperature. The climate of inland 
places IS rather variable, being extremely cold in winter 
and very hot in summer. In addition to these seasonal 
variations, fluctuations of temperature occur almost 

♦ ** Climate and Acclimatisation,’* Green’s Encyclopcedia of Medicine 
vol. ii. 
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daily. This is less marked in places ^\ith a constant 
temperature and in sea coast climates, and more marked 
in inland and temperate climates. 

Influence of Temperature on Health. — The most 
vigorous races are produced in places where the tempera- 
ture is changeable and the difference between hot and cold 
seasons is great, w'hilc weak and languid races of men 
are to be seen in piaccs having an equable temperature. 

Tne nigh temperature of the tropics causes certain im- 
portant changes in the European constitution. There is 
an increased peripheral circulation with a great activity 
of the functions of the skin causing profuse perspiration, 
which in its turn keeps the body temperature normal. 
This adjustment of the system to counteraet the external 
heat is not of(en sufficient for a neveomer and the body 
temperature remains slightly higher than normal. The 
number of respirations is diminished, and from the fact 
that hot and rarefi^^d air contains comparatively less 
oxygen, the intake of oxvgen with the inspiration and the 
output of CO2 with the expiration is also lessened. On 
the whole the general effect is that of diminished vital 
activity : the heart is weakened with slowing of the pulse, 
digestion is impaired, appetite lessened and nutrition 
interfered with, as evidenced by loss of weight and dimi- 
nished bodily activity. The effect of heat on the system 
may be either direct or indirect. Directly it may cause 
diseases like sunstroke or fever, or may interfere with or 
suspend some of the most important and natural functions 
of the body. Indirectly it may produce heab syncope, 
deterioration of the blood and congestive disorders affect- 
ing the liver and bowels. 

Effects of Cold on Health . — The effects of cold are 
opposite to that of heat. Whatever may be the tempera- 
ture or thermometric readings, cold and its ill-effects arc 
not uncommon in India. The cold season in Calcutta 
is very pleasant and invigorating to those en joying sound 
health, but to many, at least at its beginning, it gives 
rise to chill and internal congestion. Of all the vicissitudes 
to which the climate of India is liable, none interfere 
with health so seriously as the rapid transitions of its 
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temperature do. The common ill -effects of the sudden 
transition of temperature are acute hepatitis, colic, acute 
diarrhcea, or dysentery. When a. person in the hot season 
leaves the plains for the hills, where the ascent is sudden, 
a rise of a few hundred feet accelerates the heart’s action, 
checks perspiration, and causes profuse diuresis, or he may 
get a sharp attack of diarrhcna. 

Effects of Humidity on Health. — A certain amount of 
moisture is always present in the atmosphere, and climates 
have been classified into moist and dry according to the 
degree of humidity. The degree of dryness or moisture of 
the air is expressed in terms of relative and not oi' absolute 
humidity. The amount of moisture in the air increases 
with the rise of temperature. At free/ing-point air 
contains two grains of watery vapour, whereas it con- 
tains eight grains at 70° F. It follows therefore that 
air which is damp at a low temperature or saturated 
with moisture becomes dry when the temperature is raised, 
even though the absolute quantity of moisture remains 
unaltered. 

Excessive humidity retards evaporation from the lungs 
and skin inasmuch as the atmosphere, being very liberally 
charged with moisture, exerts little or no drying effect. 
The evaporation of moisture by whicli the cooling of a 
body is effected causes a certain amount of heat to become 
very oppressive although not so trying as when com- 
bined with extreme cold. Moist climates are less healthy 
than dry ones, as moist air favours the growth and deve- 
lopment of micro-organisms. Putrefactive changes take 
place more readily in moisture than in dryness. 

Effects of Atmospheric Pressure on Health. — Atmos- 
pheric pressure is an important factor of climate. It 
varies according to altitude and movement of the air. 
Its influence on health may be considered under the two 
following heads; (1) the effects of diminished pressure, 
and (2) the effects of increased pressure. 

(1) Effects of Diminish ed Pressure, — 760 mm. (30 in.) 
of mercury or a u eight of 15 lbs. on every square inch is 
the pressure of air at the scadevel. At high altitudes the 
pressure diminishes on account of the rarefaction of the 
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air ; roughly, an ascent of ]800 ft. takes off 1 lb. For an 
ascent of 300 ft. the temperature is reduced by 1 ® F. The 
weight of oxygen in a cubic foot of air is also diminished 
in proportion to the diminution of pressure. 

The physiological effeets are directly referable to want 
of oxygen ; they are characterized by cyanosis, nausea, 
headache, intestinal disturbances, and fainting. Bleeding 
from the nose, ringing in ears and palpitation are not 
infrequent symptoms. The number of corpuscles are said 
to increase, but in balloon ascents this is ascribed not 
to any fresh formation of ]>lood, but to excessive secretion 
of lymph, which leads to concentration of the blood. 
This disturbance known as “ Aviator’s sickness ” is also 
due to low barometric pressure. The pressure of the 
oxygen in the arterial blood in high altitudes may be 
higher than in the alveolar air. Active secretion of 
oxygen occurs in the lungs and there is a tendency to 
slowness of the heart in aviators after a. sudden descent. 

(2) Effects o f Increased Pressure- Increased pressure of 
air produces effects of an opposite nature, but the system 
soon accommodates itself to this altered condition. The 
effects are best observed in persons working in diving- 
bells, compressed air chambers (caissons), etc., and the 
symptoms produced arc generally known as “ caisson 
disease.” In caissons the pr(*ssure is rarely 30 to 35 
pounds, and the di^'crs go down to 20 fathoms Avith a 
pressure of 53 pounds. Two views arc held : (1) During 
compression the blood passing through the lungs becomes 
saturated with nitrogen which is carried to the tissues 
until the whole body is saturated ; during deeonqwession 
the process: is reversed. The nitrogen is liberated causing 
emboli,, which block up the spinal vessels. (2) The blood 
is driven from the surface, causing distention of the 
vessels with paralysis of the walls ; when the pressure 
diminishes they are unable to accommodate themselves 
to the changed condition, and stasis with congestion 
and hfpmorrhages follow. As a rule the workers do 
not suffer whilst they are in the caisson, but grave symp- 
toms .m^y take place after they have returned to the 
outside-, air. The common symptoms are paralysis^ 
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vertigo, abdominal pain, vomiting, etc. In extreme 
instances the attacks resemble apoplexy ; the patient 
rapidly becomes comatose and death occurs in a few hours. 
One or more locks should be provided in which the 
pressure can be gradually reduced until approximately 
that of the atmosphere is reached. Divers should be 
instructed to come slowly to the surface. When the 
pressure exceeds three atmospheres the longest working 
period should not be more than one hour, and several 
hours should be permitted between the descents. A 
chamber should be provided where a man showing symp- 
toms of the disease may be once more subjected to a 
pressure greater than that of the atmosphere. Haldane’s 
“ Stage Method ” is now widely adopted with most bene- 
ficial results. 


Classification of Climates 

For purposes of classification three great climatic 
conditions were originally described : — 

1 . The hot or warn climate with a mean annual tem- 
perature of 80"^ F. 

2. The temperate climate with F., and 

3. The cold climate with 10° F. 

A more scientific division is made by using iso-thermal 
lines, as very often the regions occu])ying the same lati- 
tude give different annual temperatures. 

For praetieal purposes elimates are divided into : 
(1) cold, (2) temperate, (8) warm, (4) mountain, and 
(5) marine and oceanic. 

(1) Cold Climates , — These belong to regions lying 
between the Poles and 50° of latitude. Here the winter 
is severe and prolonged, and the. summer is very short 
The mean annual temperature varies from 50° F. to 40°F., 
or may be even below the freezing-point. Rain is com- 
paratively absent, but there is abundance of snow. 
Although severe cold has a tiring effect on the lungs and 
kidneys yet according to some observers the death-rate 
in these regions is the lowest in the world. Severe cold 
makes the inhabitants vigorous and muscular, and 
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improves the power of dioestion. Put owing to the 
deficient grov^dh of vegetables and the unhygienic condi- 
tion of the people living in these regions they are very 
prone to suffer from scurvy. 

(2) Temperate Climates. — The geographical limit is 
from 35® to 50® of latitude, and the mean annual tem- 
perature varies from 50® to 60® F. These are tlie healthiest 
climates upon the earth, and are inhabited by the most 
civilised and vigorous races of the world. Four well- 
defined seasons exist in these latitudes, autumn and 
winter being usually most rainy. 

(3) Warm Climates.— include regions lying 
between the Equator and 35® of latitude on either side of 
it, and contain within their limits Southern Asia (including 
India and China), Polynesia, Africa with its islands, 
North America south of California, and South America 
north of TTraguay, and the West Indies. They are 
subdivided into equatorial, tropical, and sub -tropical cli- 
mates. In the ecpiatorial the maximum temperature 
is 118° F., the minimum 54® F., and the mean annual 
varies from 80® to 84® F. High temperature, heavy 
rainfall with well-defined dry and wet seasons are the 
characteristics of these regions. The heat is modified by 
rainfall which is rarely less than 40 in. annually, and the 
difference between the diurnal and nocturnal temperatures 
is slight . The diseases commonly attributed to warm 
climates are : insolation or sun stroke, cholera, malaria, 
yellos\ fever, dengue, liver abscess, small -pox, dysentery, 
diarrhoea, kala-azar, etc. 

(1) Mountain Climates.— Tlxa characteristics of moun- 
tain climates are extreme heat and cold, greater purity 
and rarefaction of air, and diminished atmospheric pressure 
due to high altitude. Mountain climates are best suited 
to persons, with a tendency to tuberculosis. 

(5) Marine and Oceanic Climates. — The peculiar 
features of these climates are greater equability of tem- 
perature, and increased moisture and rainfall, as evidenced 
by the climates of small islands and places on the sea- 
coast. The climates of Great Britain, Ceylon, and the 
coasts of India may be mentioned as examples. The 
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good effects of sea air are ascribed to its great purity and 
the presence of ozone which has a general tonic effect on 
the constitution. The variations of temperature between 
summer and winter, and between day and night, are 
less marked. 

Effects of Vegetation and Sheets of 
Water on Climate 

Vegetation in moderation improves the climate by 
keeping the air cool and equable, and counteracts the 
effects of radiation from the earth. Trees exert an attrac- 
tive influence on the water-cOarged clouds and so rainfall 
and relative humidity are correspondingly increased. 

The depriv^afion or absence of vegetation, as in deserts 
or dry lands, leads to great variations of temperature. 
They are very hot during the day, and oving to the dry- 
ness of the air radiation is very rapid at night when the 
temperature falls down considerably. 

The effect of ocean, lake, or any large sheet of water is 
very great in influencing the climate of a place. The speeifle 
heat of water is four tinces greater than that of land, 
with the result that it takes a longer time for heating as 
well as for cooling. It follows, therefore, that the tem- 
perature of the atmosphere close to large sheets of water 
would remain uniform. Sea water freezes at a tempera- 
ture of about 28*^ F. and freshwater at 32® eonsecpiently 
the sea remains open when the lake freezes ; hence the 
sea ex<^rts a greater influence in moderating winter cold 
and summer heat. 


METEOROLOGY 

Meteorology is the science concerned with the pheno- 
mena occurring in the atmosphere ; while xveather is the 
general condition of the air at any stated period or time, 
particularly of that portion of the air lying next to the 
earth’s surface. In all meteorological observations the 
results obtained by different observers at different stations 
are recorded by instruments which must be similar in 
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form and exposed in the same way. It is necessary also 
that all mistakes peculiar to these observations must not 
be lost sight of. All observations must be systematically 
and accurately made and their results interpreted. 

The meteorology of India is of special interest, present- 
ing as it does a greater variety of meteorological condi- 
tions, actions, and features than any other place of similar 
size in the world. This is ascribed to (1) its variety and 
contrasts, (2) presence of a combination of tropical and 
temperate conditions, and (3) its being an area of pro- 
nounced monsoon conditions. The principal climatic 
phenomena requiring systematic record are : 

I. The temperature of the atmosphere. 

II. Atmospheric pressure. 

III. Movement of wind. 

IV. Humidity. 

V. Presence of ozone. 

VI. Sunshine or solar radiation. 

VII. Atmospheric electricity. 

VIII. llainfail. 

IX. Presence or absence of cloud, fog, mists, and 
storms. 


1. Temperature 

Next to rainfall temperature is the most important 
feature of meteorological observations. Tliis is recorded 
by thermometers which are exposed in open sheds to allow 
a free circulation of air, and protected from the direct 
rays of the sun by a thick roof or thatch. In cold weather 
and during the hottest part of the day the temperature 
of the ground surface is about 10® to 20® higher than that 
of the air at 4 ft. high, and this goes on increasing up to 
40° or 50®. But this difference becomes less during the 
rains. The mean daily temperature, or simply tempera- 
ture, is that obtained by adding twenty-four hourly 
observations and dividing by twenty-four. The tem- 
perature of a month is the mean of those of thirty days, 
and the temperature of a year is the mean of those of 
twelve months. 
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The temperature of the air varies at different parts of 
the day. It is increased by the absorption of solar radia- 
tion during the day. The variation of temperature with 
a maximum and minimum, dividing the day into periods 
of eight and sixteen hours, is the diurnal variation, and the 
difference is the diurnal range. There is again what is 
called the annual variation of temperature ; this is the 
regular increase in the temperature during one -half of the 
year succeeded by a decrease during the other half. 

The temperature of the air of a particular place varies, 
and the principal causes which modify the temperature 
are : (I) latitude of the place, (2) height, (.3) direction of 
wind, and ( I ) proximity of the sea. In the north-western 
parts of India and the northern parts of the 1 Bombay 
Presidency the daily range of the thermometer is very 
great during the months of October and November when 
the difference between the maximum and minimum 
temperature fluctuates between 30® and 35® F., while in 
the United Provinces it averages between 28® and 32® F. 
The amount of diurnal periodic change is less on sea 
than on Land, and least on the sea-coast of the islands in 
the tropics. The amplitude of yearly fluctuation is less 
on sea than on land and is least in tropical countries. 

The lines which connect places which have the same 
mean temperature are called isothermal lines ; these mean 
temperatures may remain the same either for the year or 
for several months. 

Thermometers. — Thermometers are instruments for 
measuring temperature. Liquids are by far the liest 
suited for their construction, and mercury and alcohol are 
the fluids generally preferred. Mercury is used as it 
boils at a very high temperature, and because of its regular 
expansion ; alcohol, on the other hand, has the advantage 
of not solidifying even at the lowest known tempera- 
ture. Of these, mercurial thermometers are more widely 
used. 

Six's Thermometer. — It is a combination of maximum 
and minimum thermometers and gives a double reading. 
It consists of a U-shaped glass tube with a bulb at each 
end, the middle portion of which contains mercury. Both 
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the tubes above the mercury and one bulb contain alcohol, 
and part of the other bulb contains alcohol ^'aponr and 
air. In each stem there is an iron index which may be 
moved by a magnet. \Vith the rise of the temperature 
the alcohol expands and pushes the mercury and with 
it the index well up the other stem. With the fall of 
the temperature the alcohol contracts 
and the mercury falls and with it 
pushes up the index in the other 
column. In this way the highest 
and the lowest temperatures are recor- 
ded by the indices in the right and 
left limb respectively. 

Maxinnnn and ISlinivnirn Thervw- 
7fieters \ — In meteorological obscr\a- 
tions the highest and the lovcsl tem- 
poral vires in the twenty-four hours arc 
often necessary, for which purj^ose 
these thermometers are used. They 
coi\sist of a wooden board upon which 
two thermometers arc lixcd, the bulbs 
of which are bent at right angles and 
the stems are placed hori/ontally. The 
up])er one contains mercury and indi- 
cates the maximum temperature, and 
the lower one is an rleohol thermo- 
meter. The mercurial one has an 
index of a short rod of glass or wood 
which moves freely in the tube. When 
the thermometer is placed horizontally 
the index is pushed with the rise of 
temperature and consequent expansion 
Fig. 40. of mercury, but remains at the same 

Six’s Thermometer, place even after the mercury has con- 
tracted ; thus registering the highest 
temperature of the day. In the alcohol one, the index 
is a dumb-bell shaped glass which is drawn by capillary 
attraction until it has reached the greatest contraction. 
Hut when the alcohol expands with the rise of tempera- 
ture it passes between the sides of the tube and the 
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index, and therefore does not displace it. It thus 
records the lowest temperature that has been reached, 
Vacuum or Solar Radiation Thermometer, — This is a 
mercurial maximum self-rej^istcrino instrument having a 
bulb coated with lamp black to absorb the sun’s rays. 
The bulb is placed in a vacuum glass case in order to 
prevent the coating from being waslied off by rain. The 
glass case also protects the bulb from loss of heat which 
would otherwise take place. The instrument is placed 
horizontally 4 ft. above the ground, away from walls 
and trees, and exposed to the rays of the sun direct. The 
difference between the maximum in the sun and in the 
shade is the amount of solar radiation, or of the power of 
the ravs of the sun. 








j^nmn 




Fio. 41.— VACUUM OR Solar Radiation Thermometer. 

A terrestrial thermometer is a minimum shade thermo- 
meter placed close to the ground with the bulb resting on 
the grass about f in. above the ground. If a grass plot 
cannot be had the thermometer should rest on a large 
blaek board placed upon the surface of the ground, or 
it should be laid on snow if the ground is so covered. 
The difference between this minimum temperature and 
the air minimum in the shade is the amount of terres- 
trial radiation. 


IT. Atmospheric Pressure 

The atmospheric pressure is determined by means of 
a barometer. It may be cither a mercurial, glycerine, 
water, or aneroid barometer ; mercurv being the heaviest 
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Fig. 42, 


known li(|uid is Generally selected. A 
mercurial barometer consists of a ^lass 
tube (about 33 in. Ion"), closed at one 
end, filled with mercury and inver- 
ted into a trough or cistern also filled 
with mercury. Tlie ])ressure of the atmos- 
phere at tile se a -le v el on the surface of 
the mercury in the trou^di supports the 
mercury in the tube to a liei"ht of about 
30 in. The mercury in the tube will 
fall when the pressure is diminished as in 
mountain ascent, and will rise with the 
increase. 

In order to obtain a tyreater accuracy 
Fortin’s standard barometer (Fig. 42) is 
now used. In this the cistern is made 
with a pliable base of leather which can 
be raised or lowered by means of a screw. 
The upper portion of the cistern is made 
of glass through which the zero of the 
scale can be seen as a piece of ivory, the 
lower end of which is called the fidticial 
point. Before taking a reading the level 
of the mercury in the cistern must be so 
adjusted as to correspond to this point, 
which is the zero of the scale, by means 
of the screw. To obtain a more accu- 
rate reading a sliding scale of vernier is 
attached. The vernier is so graduated 
that twenty-five of its divisions corres- 
pond to twenty-four half-tenth divisions 
on the barometer scale. Therefore each 
division on the vernier is dgth less than 
a half-tenth division on the barometer 
scal(‘, and is therefore ^^jth of 
(=-500 or 0.002 in.). 

Method of reading Fortin\^ Baro- 
meter ,- — Adjust the vernier by means of 
the rack and pinion at the side of the 
barometer so as to bring its two lower 
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ed^es on a level with the convex surface of the mercury 
and count the number of divisions on the vernier from 
below upwards until a line on the vernier is exactly 
continuous with a line on the barometer scale. Multiply 
the number on the vernier so obtained by 0.002, and the 
product is the number in thousandths of an inch. 

The barometer must be properly fixed in a well-lighted 
room and protected from the sun, rain, and wind. Cor- 
rections must be made by Glaisher’s tables for tempera- 
ture above 32® F., as mercury expands with the rise of 
temperature. If observations are taken at an altitude an 
allowance for about i,/ooth in. for every foot of ascent 
above the sea-level must be made. 

Aneroid Barometers , — These arc so-called as no fluid 
enters into their construction. They are small watch- 
shaped metallic vacuum boxes. The box is closed by a 
metal lid which being elastic is acted on by changes in 
the atmospheric pressure. By an arrangement of levers 
the movements of the metal are made to turn an index 
and are recorded on a dial. This instrument is mainly 
used for recording altitudes and it is customary to read 
the nearest j-iofh of an inch both before and after an 
ascent and then to deduct one reading from the other 
without taking into consideration the decimal points and 
above sea-level in feet. 

Barometric Fluctuations. — These may occur from 
variations in the atmospheric pressure which may be 
regular or irregular. The former is diurnal or annual, 
while the latter is cyclonic or anticyclonic. A fall in the 
barometer indicates either that the air is hot or that it 
is highly moist. Moreover, the pressure falls when the 
air, as in certain varieties of winds, moves upwards. On 
the other hand, a rise in the bar6meter shows that the 
air is either cold, or dense, or dry. Diurnal fluctuations 
are best observed in the tropics where the average range 
is about of an inch ; the maximum occurring at 

9 A.M., and again at 0 or 10 P.M. 

The annual variations are in considerable excess over 
the diurnal ranges. In the equatorial region where the 
temperature and moisture remain almost constant through- 

21 
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out the year, the variation in the mean pressure is slight. 
The average pressure in Calcutta during July is 29.588 in. 
and in January 30.022 in., thus giving a difference of 
0.48 i in. This is due to great heat in July coupled 
with the heavy rains accompanying the south-west 
monsoon. 

The changes in weather over a wide area brought on 
by daily, monthly, and annual irregular \ ariations of the 
barometric pressure are principally divided into anii- 
cyclonic^ if the weather is good, and cyclonic if the weather 
is bad. Nowadays barometric readings at a given time 
over an extended area are telegraphed to a central station 
to be recorded. If observations of stations ha\ing the 
same barometric pressure are recorded on a map we get 
a synoptic map, and tne lines connecting such places or 
stations are called isobars, which arrange themselves in 
certain typical forms associated with certain kinds of 
w'eather. There are seven different kinds of isobars, 
vi/., (1 ) cyclones, (2) secondary cyclones, (3) anti-cyclones, 
( t) V-shaped depressions, (5) wedge-shaped isobars, 
(G) cols, and (7) straight isobars. 

Ill, Movement of Wind 

Wind is the effect of disturbances of equilibrium 
constantly proceeding in the freely mobile atmosphere ; 
the causes of these disturbances being diflerenccs in atmos- 
pheric pressure brought about by changes in temperature 
and moisture, aided by physical and other factors. Winds 
carry with tlicm the temperature of air they have tra- 
versed, while the amount of moisture which they can 
hold increases with the temperature. In all parts of the 
w^orld the low^r current of air moves more slowdy than 
the upper. During the day the lower strata on being 
heated ascend increasing the friction between the upper 
and lower currents and reducing the velocity. On the 
surface of the earth near the equator and all over the sea 
there is little or no diurnal variation eitlier in direction 
or speed. On the plains or on high altitudes the wind 
moves w ith the hands of a clock, and attains its maximum 
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strength during the afternoon, backing and diminishing 
again at night in the northern hemisphere (N otter and 
Firth). On mountain peaks the wind moves against 
the hands of a clock, the maximum being attained at 
night. 

The primary factor in the meteorology of India is 
alteration of seasons. The north-east anci south-west 
trade winds are set in motion by the movement of the 
earth and are due to the incessant movement of cold air 
fron. the poles, replacing tne heated air of the tropics. 
The south-west and north-east monsoons are seasonal. 
The south-west monsoon is a season of winds of oceanic 
origin of high humidity and of frequent and heavy rains 
over nearly the whole of India. The north-east monsoon, 
on the other hand, is of continental origin, and is there- 
fore dry except where it has travelled over some sea. 
Hence the north-east monsoon in India is characterised 
by clear lightly clouded skies with occasional rain. These 
arc therefore more appropriately termed wet and dry mon- 
soons, suggesting as they do the most important and 
prominent features of the seasons in the land area of India. 
In fact about 90 per cent, of the annual rainfall of India 
occurs during the south-west monsoon. The dr^’^ mon- 
soon is again divided into two periods — one of compara- 
tively low and the other of increasing and high tempera- 
ture. The wet monsoon is similarly subdivided into two 
periods — June to September is the monsoon proper^ while 
October to December is called the retreating monsoon. 
During the cold weather period India is characterised 
by clear sky, fine weather, large diurnal range of tem- 
perature, and light land winds. The montlis of November 
and December are the pleasantest of the year in Northern 
India. 

Anemometer. —The pressure and velocity of wind are 
recorded by instruments called anemometers, of which 
there are several kinds. Robinson’s wind anemometer 
being considered the best. It consists of a metal cross 
provided with hollow hemispherical cups at their ends, 
and revolving horizontally on a vertical axis which, by 
an arrangement of a screw, records the movements on the 
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dial. Froin the number of turns made in a given time 
the velocity of the wind is deduced. 

The cups move at a rate equal to only one-third that 
of the wind, and allowance is therefore made for graduat- 
ing the instrument. The instrument should be kept 
clean and properly oiled, and fixed at least 20 ft. from 
the ground. 

IV. Atmospheric Humidity 

Water is being constantly evaporated into the air ; and 
the atmosphere is more or less charged with aqueous 
vapour ; the amount of moisture which the air can hold 
varies considerably not only with the temperature but with 
the season, and with the elevation and position. During 
the height of the wet monsoon, it is about 10 to 12 grains 
per cubic foot in the coast districts of Bengal and Bombay. 
It is usual to speak ot the amount of moisture present in 
the air as tlie degree ofhuwidittf. The amount of moisture 
present in a given volume of air is called absolute humidity, 
whereas relative humidity indicates the percentage of the 
amount of moisture that is required to cause saturation. 
If the saturated air be cooled down it will reach a tem- 
perature at which the moisture will condense and fall on 
the earth as rain, hail, mist, or dew. The precipitation of 
moisture on the surface of the earth or on grass, leaves, 
etc., is called deii\ and is caused by the air coming in con- 
tact with the cold surface of the earth at night and parting 
with its moisture from loss of temperature. When the 
temperature rises again the dew disappears, and the mean 
of the temperatures of appearance and disappearance is 
the dexi' point. The dew point is determined by means 
of a hygrometer, and is roughly calculated by means of 
a dry and wet bulb thermometer. Glaisher’s method 
gives more accurate results. 

Relative Humidity. — This is merely a convenient 
term used to express comparative dryness or moisture. 
Complete saturation being assumed to be 100, any degree 
of dryness may be expressed as a percentage of this, and is 
obtained at once by dividing the 'weight of vapour actually 
existing by the weight of vapour which would have been 
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presclit liad tne air been saturated. In other words, the 
hygrometric state or relative humidity (11) may be ex- 
pressed as the ratio of the elastic force of aqueous vapour 
at the temperature of the air (E) to the elastic force of 
the vapour at the temperature of the dew point (e) ; that 


isH = -^XlOO. — (Notter and Firth). 

relative humidity varies from 80 to 98. 

Hygrometers. — The amount of mois- 
ture present in the air is registered by 
the hygrometer, of wjhiich there are two 
kinds, viz,, the direct and the indirect 
hygrometers. 

DanielVs Hygrorneter,— This consists 
of a glass tube bent twice with a bulb 
at each end, one being placed at a 
lower level than the other. The lower 
bulb is partly filled wdth etfter and a 
thermometer dips into it. The other 
bulb as well as the remaining portion 
of the tube contains ether vapour. The 
empty bulb is covered with muslin 
which is kept moist with ether. The 
ether in evaporating cools the bulb and 
the loss of temperature so brought 
about condenses the ether vapour in- 
side the bulb and tube, which in ils turn 
eauses an evaporation of the ether in- 
side the lower bulb. Thus the lower 
bulb cools down and reduces the tem- 
perature of the air around it until it be- 
comes so low’ that it forces the air to 
part with some of its moisture which 
condenses upon the surface of the bulb. 
As soon as this happens the tempera- 
ture from the attached thermometer is 
read off and recorded as the dew point. 


In Calcutta the 



Fig. 43. 

Wkt and Dry Budb 
Thermometer. 


Wet and Dry Bulb Hygrometer. — This instrument con- 


sists of two thermometers mounted side by side on a 


stand, and is used to determine the pressure of the 
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aqueous vapour in the air. The wet bulb is kept cons- 
tantly moist by means of a piece of muslin wrapped 
round it and dipping into a small vessel of water. 
The water in evaporating absorbs heat from the thermo- 
meter with the result that the temperature indicated by 
this thermometer is much lower than that given by the 
dry one. The difference in the two thermometers, how- 
ever, depends on the rapidity with which the evaporation 
proceeds, and the rate of evaporation depends on the 
temperature and humidity present. In dry air evapora- 
tion being rapid heat will be absorbed from the thermo- 
meter at a greater rate and the temperature of the wet 
bulb will be much below that of the dry one. The instru- 
ment should be kept in the shade and protected from air 
currents and direct sun shine. 


V. Atmospheiiic ozone 

It is popularly believed that the presence of ozone in 
the air is conducive to health, but this requires further 
confirmation. Potassium iodide and starch papers are 
used for the detection of the presence of ozone in the air, 
but they are not reliable, as other substances especially' 
nitrous acid turn them blue. 


VI. Sunshine 

The duration of sunshine influences the climate to a 
great extent and is recorded by means of Campbell -Stokes 
sunshine recorder. It consists of a glass sphere on which 
the ra 3 ^s fall and the image is received on a strip of mill- 
board at the proper focal distance* When the sun shines 
the rays are focussed upon the mill -board or on some 
sensitive paper leaving a record or a mark behind. But 
this does not occur when the sun sets or is hidden by 
clouds. The results are best expressed in percentage of 
sunshine, i,e, if the sun is above the horizon for eight 
hours and the record is but two hours, the sunshine equals. 
25 per cent, of the possible amount. 
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VII. Atmospitkkic Electricity 

TKe atmosphere is always charged with electricity, and 
many hypotheses have been put forward to explain its 
presence. It has been ascribed to (1) growth of vegeta- 
tion, (2) evaporation of water containing salts in solution, 
(3) friction of the air against the ground, and (4) combus- 
tion. The fact that powerful atmospheric phenomena 
are accompanied by rain and hail seems to suggest a 
connection between the excitation of electricity and con- 
densation of aqueous vapour. When the sky is cloudy 
the electricity is sometimes positive and sometimes nega- 
tive. It is nearly always positive in fine weather. The 
electricity of the ground is always negative but differs 
with the humidity and temperature of the pat. 

VIII. Rainfall 

When the temperature of the air charged with mois- 
ture is suddenly reduced cither by its ascent into the higher 
and colder regions or by coming in contact with a cold 
surface as the ridge of a mountain, or a colder surface of 
the earth, or a large sheet of water, condensation of the 
vapour takes place. By constant condensation of aqueous 
vapour these minute particles of vapour become larger 
and heavier and uniting form regular drops which fall as 
rain. The amount of rain which falls in different coun- 
tries varies vvith the local circumstances, and other things 
being ecjual, most ram falls in tropical countries where 
evaporation is abundant ; in fact rainfall diminishes from 
the equator to the poles. Under similar conditions the 
quantity of rain decreases with the distance from the sea 
and increases with the height above sea-level. The 
average rainfall during the south-west monsoon in the 
coast districts of the Koukan is about 100 in. and increases 
up to about 300 in. on the summit of the hills at an eleva- 
tion of 3000 ft. to 4000 ft. Sylhet at the foot of the Assam 
hills has an average total of 1 57 in., while, Cheerapoonjee 
on the Assam hills at an elevation of about 40C0 ft. has an 
average of 458 in. The following is a statement of mean 
or normal rainfall in India derived from the average of 
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about 2000 stations distributed over the w hole country : — 
Cold weather (January to February) 0.09 Inches 
Hot weather (March to May) 4.58 ,, 

S. W, monsoon (June to September) 34.65 ,, 

Retreating S. W. monsoon (Oet. to Dec.) 4.95 ,, 

It appears that of the mean annual rainfall 12 per cent, 
occurs during the dry and 88 per cent, during the wet 
season, but tne ratio differs in different parts of India, 

varying for the dry season 
from 3 per cent, in Bombay 
to 19 per cent, in Bengal, 
21 per cent, in the Punjab 
and 30 per cent, in Assam, 
The rainfall during the 
cold weather is due chiefly 
to disturbance in condensa- 
tion in an upper current ; it 
is very irregular in its occur- 
rence. The cold weather rain- 
fall, small though it may be, 
is of great economic value es- 
pecially over a large part of 
northern and central India, 
as upon it the wdntcr crops 
of non-irrigated districts de- 
pend. 

The hot weather rainfall 
' presents much greater con- 
trasts. This rainfall is often 
accompanied by dust storms 
Fio. 44.— Ratn Gauge. and is small in amount avera- 
ging only about 1 in. accom- 
panied by thunder-storms of great violence and intensity 
especially in Assam, Bengal, Arrakari, I.ower and Upper 
Burmah. It is of great value for the tea crops in Assam 
vrhere it averages 31 in., and in Bengal it favours the early 
spring crops of rice. 

Rainfall is measvired by a rain-gauge w^hich consists 
of a cop[)er funnel leading to a receiver. The funnel has 
• Imperial Qazeteer of India. 
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a sharp rim and is usually 5 in. in diameter. The rain 
having been collected into the receiver is measured in a 
glass vessel graduated to correspond with x4o inch 

of rainfall. The reading is generally taken at 9 a.m. 
daily, and the instrument is placed on tlie ground in an 
open place with the rim about 1 ft. above the eartn. In 
time of snow, melt the collected snow by adding a known 
quantity of warm water to it, and the extra water derived 
froii snow is counted as rain water. Roughly, 1 ft. of 
snow may be taken to represent an inch of rain. 

IX. Clouds 

A cloud may be defined as a mass of vapour condensed 
into minute water particles which float in the air, differing 
from mists and fogs in occupying the higher regions of the 
atmosphere. A cloud is therefore a fog at a greater 
height. A cloud line is the level below which the forma- 
tion of cloud rarely takes place. Clouds have been classi- 
fied by Hildebransson and Abercromby as follows : 

A. Highest clouds, mean height 9000 meters. 

(a) 1. Cirrus. 

(b) 2. Cirro-stratus. 

H. Clouds of mean altitude, 8000 to 7000 meters. 

3. Cirro-cumulus. 

(a) 4. Alto-cumiilus. 

(h) 5, Alto-stratus. 

C. Low clouds, below 2000 meters. 

(a) 6. Strato-cumulus. 

(b) 7. Nimbus. 

D. Clouds formed by diurnal ascending currents. 

8. Cumulus, Top, 1800 meters ; base, 1400 

meters. 

9. Cumiilo nimbus. Top, 3000 to 8000 

metres ; base, 1400 metres. 

E. Elevated fog, below 1000 metres. 

19. Stratus, 

Those marked (a) are detached or rounded forms, most 
frequently seen in dry weather ; those marked (b) are 
widespread or veil-like forms, most frequently seen in wet 
weather. 



CHAPTER XVII 


INFECTION AND CARRIERS OF INFECTION 

Bv infection is understood the introduction into the Dody^ 
without contact with the patient, of some pathogenic 
micro-organisms which are capable of multiplying within 
it at the expense of the host. Diseases therefore depend- 
ing on such an infection are known as “ infective ” diseases, 
and are transmissible in most instances by inoculation. 
If the micro-organisms are from time to time discharged 
from the body of the host, either with the excreta, secre- 
tions, or in some other way, the disease becomes “ in- 
fectious ” or “ contagious,” according to the case with 
which another person becomes infected, and the material 
which carries the infection is termed the “ contagion.” 
Thus in smallpox contagion is conveyed from person to 
person through the air and this is therefore an infectious 
disease. Ringworm and syphilis require close contact 
for infection to take place and are therefore eontagious 
diseases. In other instances, e.g», malaria, infection is 
conveyed by an intermediary. Although it is customary 
to draw a line of demarcation between infection and con- 
tagion, broadly speaking they arc much the same, and 
according to the modern sense of the term the so-called 
contagious diseases are infectious. All diseases depend- 
ing on the entrance of a living organism may conveniently 
be classed as infectious. Fomites are substances capable 
of absorbing, retaining or transfering infection. They 
refer to inanimate objects like bedding, clothing, etc. 

Infection may be general or locaL In tetanus and 
diphtheria, the organisms after infection cause some local 
disturbance and cannot be detected in the circulation. In 
enteric fever, the germs arc present in the general circula- 
tion. In both instances, however, the constitutional 
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changes are due to the toxins and not to the germs them- 
selves. 

Some persons are peculiarly susceptible to certain 
diseases, others offer some resistance to infection. This 
susceptibility is called predisposition, which may be 
natural, artifleinl, or acquired, and the resistance, as 
opposed to predisposition, is known as immunity. The 
liability to infection also varies in man according to age, 
sex, climate, season, locality and surroundings. It must 
be observed that susceptibility of the tissues varies 
greatl}^ and that infection or invasion of the body by 
bacteria does not occur every time the body is exposed. 

Certain terms are used to express the relative preva- 
lence of infective diseases ; they are ; (a) Epidemic — 
when a number of cases break out by infection from a 
common source at one time and the outbreak is then 
followed by a period of rest, (b) Endemic — when a disease 
is constantly present in a certain district and is peculiar 
to the district or locality. Endemic diseases sometimes 
flare up and become epidemic, (c) Sporadic — when a 
disease occurs only in isolated cases, {d) Pandemic — 
when the epidemic is spread over a large area or over 
the whole world. 

Incubation.— The characteristic feature of an infec- 
tion is that the disease runs a definite course. After 
infection the sferm remains latent, and the person does not 
develop any symptoms for a time. This latent period is 
called the “ stage of incubation.” The duration of this 
period varies, each case differing from every other, and 
depends partly on the amount of poison entering the 
system at the time of infection, and also on the resistance 
offered by the individual. During this period the patient 
may remain perfectly healthy or may feel a little malaise. 
It has been shown that in typhoid and cholera the specific 
bacilli continue to be discharged from the body for a much 
longer time than is ordinarily supposed. During this 
incubation period a person exposed to an infection requires 
to be isolated or placed in quarantine. This is of great 
value in considering measures for the suppression of 
infectious diseases. 
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The followini? table gives aii approximate statement 
of the period of incubation and the duration of the com- 
municability of some of the most important microbic 
diseases : — 


Disease 


Chicken pox 

Cholei a 

Doiii^nc 

Diphtheiia 

Enteric Fever 

Influen/a .. 

Measles 

Mumps 

Plaj^uo 

Sniallpox 

Whooping' Cough 


Incubation period 


10 to 12 days 
a few houis to .0 days 
3 to () days 
1 to 8 „ 

5 to 20 ,, 

1 to 4 „ 

8 to 15 ,, 

12 to 22 ,, 

3 to 10 ,, 

1*2 ,, 

4 to 14 ,, 


Infective period. 


3 weeks 

2 !! 

(> o 
() ,, 

2 ,, 

4 ,, 

•‘I o 

>, 

(3 ,, 

8 ,, 


Bacteria. —Bacteria or Schizomijcetes are minute 
vegetable-organisms which arc the active causes of infec- 
tive diseases. They are devoid of chlorophyll and multi- 
ply by simple transverse division or fission nnd are thus 
distinguished from the yeasts where multiplication takes 
place by budding or gemmation. The size of bacteria 
varies, but th<^y are all microscopic, measuring from 
0.3 M to 30 to to n in diameter or Icngtli. Some bacteria 
are motionless while others arc more or less motile, but 
even in Ihcse there is a resting stage. The shape is also 
very different : some arc spherical, others ovoid, others 
rod -shaped, etc., and tliey have been classed into tlirec 
main groups according to their shape ; 

(i) Cocci -when of rounded shape. 

(ii) Bacilli when rod-shaped. 

(iii) Spirilla — when curved or spiral. 

According to whether bacteria thrive upon living or 
dead matter as well as according to their most character- 
istic effects they have been classified for the sake of con- 
venience into zijmo^enic (fermentative), aerogemc (gas 
producing), saprogenic (putrefactive), toxicogenic (poison- 
producing), and pathogenic (disc use producing) organisms. 
According to whether the organisms grow in the presence 
or absence of oxygen they are classed as aerobes and 
anaerobes. Some ave facultative, i.e. capable of multiplying 
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under either one of the otlier condition. Some bacteria 
are harmless both to animals and plants, and apparently 
under no circumstance's i^ive rise to disease in either. 
These' are known as saprophiftes. Others a^min li\e on 
the bodies of plants or animals and produce disease ; 
th('se are known as parasitic or pathogenic bacteria. 

Eaeti bacterium has the property whe n introduced into 
th(' body of manufaeturin^r toxins jx'culiar to itself, and 
the distine‘uishin<jf symptoms of a disease are due more 
to tlie toxins than to thr pre'senei' of the bacillus itself. 
How the toxin is produced is a di'batablc' ])oint. Some 
hold that it is formed from the cell -plasma of ihe bacillus, 
otliers rci^'ard it as th(‘ product of the action of tlu' ])acillus 
on th(' protiin substances. The functions of tlie body 
may therefore b(' disturbed by the bacteria in two ways : 
(1) throui,di the absorption of their exended toxins or by 
the changes wrought on the proteins by these toxins 
(simple intoxication, as in cholera), (2) by their growth 
and th(‘ production of toxins within tht' body (infection, 
as in typhoid fever). 

Modes of Infection. — Micro-organisms may be intro- 
duced into the human body in a variety of ways, viz. 
inoculation, inhalation, ingestion, absorption, carriers 
and insects. 

1. I?ioculation.— GenendW the contagia of glanders, 
anthrax, vaccinia, tetanus and rabies are thus received. 
Abrasion facilitates infection from syphilis, gonorrhoea, 
etc. 

2. Inhalation . — The chief source of infection by inhala- 
tion is through air-pollution. The air was long regarded 
as the medium through which many infective organisms 
are carried. This idea has within recent years been 
modified to a great extent, and only diseases which may 
be called air-borne are perhaps small-pox and measles. 
Outside air contains relatively few bacteria, where they 
are considerably diluted, and most of the organisms 
pathogenic to man die when exposed to sunlight. Hut 
the air of Ul-ventilated houses and crowded places is often 
surcharged with different pathogenic bacteria. For 
instance, tram-cars, ill- ventilated school rooms, offices. 
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etc., in crowded places often contain micro-organisms 
of diphtheria, whooping cough, measles, influenza, cold, 
tuberculosis, etc., in suflicient concentration to infect 
others exposed to these surroundings. During sneezing, 
coughing, speaking and other expiratory efforts the 
fluid contents of the mouth are sprayed into the air in 
minute particles. These droplets contain the germs of 
any infection that may be in the mouth. This mode of 
infection is known as “droplet infection.” 

3. Ingestion , — Quite a large number of infections are 
conveyed from person to person indirectly through the 
medium of water, food, insects, etc., of these water or 
food when contaminated often carries infection and causes 
epidemic outbreaks. Enteric fever, cholera, and dysen- 
tery are, as a rule, produced through infection of milk, 
water, or other food. 

t. Absorption . — This happens with mucous surfaces as 
in venereal diseases. In diphtheria the microbe is arrested 
in the nasal or pharyngeal mucous membrane. 

5. Carriers. - A carrier is a person who harbours a 
pathogenic organism without showing any sign of the 
disease. Thus a person may be a cholera carrier or a 
typhoid carrier without giving evidence of any symptoms 
of these diseases. Similarly a person may be a diphtheria 
carrier. Carriers may be acute, chronic or temporary. 
Acute carriers harbour the micro-organisms for a few 
weeks after convalescence ; chronic carriers continue to 
harbour the organisms for months and years ; and 
temporary carriers harbour and discharge pathogenic 
organisms for a short time only but without suffer- 
ing from the disease. The detection of carriers is of 
great vnilue since it enables one to take proper pre- 
ventive measures. A cholera or typhoid carrier should 
not he allowed to handle food or employed in the 
kitchen. 


0. INSECTS 

Sir Ronald Ross first drew attention to the impor- 
tant part insects play in the transmission of diseases. 
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Malaria, enteric fever, yellow fever, plague, filariasis, 
sleeping sickness, kala-azar, etc., are all caused through 
the agency of insects. 

The size of insects varies from s\-th to 6 in., and they 
live from a few days to as long as over ten years, hut 
they rarely live more than three year*^, and in the majority 
of them their active lives are limited to only three 
months. They live wherever nutriment is available, on 
land as also in fresh water, and even in the bodies of warm- 
blooded animals and man. 

Insects are intimately related to man ; except perhaps 
the domestic animals no single group of animal life enters 
more into the daily life of man than insects. “ They live 
on us and around us ; in our food, our clothes, our f\irni- 
ture, our houses ; we eat them or their products, we collect 
them and sew them on our clothing.” There are insects 
that are useful, but there arc many that affect man in 
other ways. 

The idle played by ticks, biting hies, and other blood- 
sucking parasites in the transmission of various diseases 
to mammalia is one of economic importance. The 
malarial mosquito, a constant scourge of tropical and 
semi-tropical countries, has been shown, to be a factor 
in the life history of great nations. The plague flea has 
taken its toll of millions from the human race. Africa 
the greatest of all the continents, lies under the ban of 
trypanosome-transmitting biting flics such as the tsetses. 
Over half a million of human beings have died during the 
last ten years from lly-borne sleeping sickness, whilst 
examination of a large number of villages by competent 
observers has shown that 30 to 50 per cent, of the in- 
habitants in these infected areas must sooner or later 
succumb to this disease. Thus it will be seen that these 
invertebrate parasites affect the economics of the present 
and succeeding generations profoundly.* 

The ways or means by which insects may carry the 
germs of disease from one place to another are to be care- 
fully considered. They may act as passive agents : may 


♦ Carter, Bombay Medical Congress, 1909, 
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simply convey the infection on their contaminated bodies 
or in their excreta. This transmission is purely mechanical 
and it is immaterial by what kind of insect it is effected. 
But the chief interest centres at the present time on the 
part the blood-sucking insects play in the propagation 
of different parasitic diseases. It will be observed that 
parasites can infect a healthy animal only by direct 
inoculation, and in the absence of blood-sucking insects 
it is difficult to understand how this can very often occur. 
A blood-sucking insect therefore affords a ready means 
of introducing a blood-parasite from one animal into 
another. But it is still debated whether the ])arasitc is 
carried from one animal to another in a simple “ mechani- 
cal ” way undergoing no change, en route, or whether, as 
in the case of anopheline mosquitoes, the parasite under- 
goes a series of changes before it is in a fit state again to 
infect a healthy animal’s blood. 

The blood-sucking species of insects belong exclusively 
to two orders, Diptera to which belong the mosquitoes, 
sandflies, midges, and the house flies, and Rhynchota to 
which belong the bugs and the lice. The face mite, itch 
insects, and the tick, although strictly speaking they 
cannot be classed as insects and are known as Arachnida, 
are also of interest to us inasmuch as they act as agents 
in transmitting certain diseases. Ticks are responsible 
for the propagation of relapsing fever. 

General Characters of Insects. — The bodies of insects 
are covered with a tough skin and divided into three 
distinct parts : the head provided with two antenna^ or 
horns, and eyes and mouth of variable form : the trunk or 
thorax composed of three segments which has underneath 
it always six articulated limbs, and often above it two or 
four wings : and an abdomen composed of nine segments 
some of which may be difficult to recognise. In addition 
to these characteristics they are not provided with interior 
skeletons and their nervous system is formed of a double 
cord, swelling at intervals, and placed under the head 
and along the underside of the body. Insects are not 
provided with lungs but breathe by particular organs 
termed trachece, extending parallel to each other along 
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each side of the body, and communicating with' the 
exterior air by lateral openings called spiracles. The 
sexes of all insects are distinct and they are reproduced 
from eggs (Lukis and lllackham). 

The following is a list of insects classified hy llalfour 
and Archibald and the diseases they are known, or sup- 
posed, to transfer : — 

1. Ants, — 'I'hcsc insects may readily convey all the 
disease's due to contamination of food, such as cholera, 
dysentery, and enteric. There is no definite proof that 
ants act as carriers, but considering their habits in tropical 
countries, it is far from unlikely. 

2. Bed-bugs, - These loathsome insects arc charged 
with the conveyance of anthrax, kala-azar, leprosy, 
some skin diseases, tuberculosis, typhus fever, and 
yaws. 

»‘J. Fleas, — It has been definitely proved that plague 
is conv(*yed by Ileas. 

k Non-biting Flies, — The list of dis(‘ases laid to the 
door of wliat Sir Uupert Iloycc calls the Septic Fly is a 
long one ; it includes : — (1) anthrax, (2) eye diseases, 
(3) cholera, (4) diarrhoea, (5) dysentc'ry, (0) enteric fever, 
(7) maggots in wounds, (S) leprosy, (1-)) oriental sore and 
other skin diseases, and (10) consumption. 

5. Biting Flies, apart from wosquitocs and sandflies, — 
The tsetse lly conveys sleeping sickness. Sambon has 
shown that pellagra is conveyed by midges. 

O. Mosquitoes — These insects are the sole agents for 
the spread of malaria and yellow fever. “ No mos- 
quitoes, no malaria ” is a universally accepted sanitary 
dogma of to-day. 

7. Sandflies, — These insects have been shown to 
convey the three and five-day fevers which are common 
all over India. 

8. The Itch Insect. — This is a member of the spider 
family which, in addition to causing the disease known 
as “ itch,” is charged with conveying leprosy and skin 
diseases. 

P. The Face Mite. — The distressing complaint known 
as acne is attributed to this small animal parasite. 

22 
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10. Ticks , — These pests are the agents for the con- 
veyance of a large number of diseases of animals, and it 
has recentl}’^ been shown that in Africa, they convey the 
germ of a fever which closely resembles the relapsing 
fever of India — a disease now known to be conveyed by 


the ordinary “ pediculi ” or ‘ 



Fig. 45. — Stegomyia Caxopus. 


‘ body lice.” 

11. Lice , — Body lice 
are said to convey tuber- 
cle, leprosy, typhus, and 
relapsing fever. 

Mosquito or Gnat 
The mosquito belongs 
to the order Diptera and 
family Culicidce, Like 
all the members of this 
group it lays eggs from 
which is hatched a worm- 
like larva, which after- 
wards, becomes conver- 
ted into a nymph or 
pupa, from which the 
adult mosquito emerges. 
The egg, the larval, and 
the pupal stages are 
spent in water, and there- 
fore water is essential for 
the existence of all mos- 
quitoes. The adult mos- 
quito has a rounded head 
with prominent eyes, two 


antennse, two palpi, and a prominent suctorial and piercing 


organ — ^the proboscis, an oval chest about the size of the 
head to which are attached a pair of membranous wings 


and three pairs of jointed legs. The abdomen is 


segmented. 

The species of mosquitoes that are important to a 
medical man are the anopheles, culex, and stegomyia. 


The transmits the malarial parasite from man 

to man. The cuUcince are responsible for the propaga- 
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tion of filaria, Stegomyia calopu-s disseminates the micro- 
organisms of yellow fever, and Stegomyia pseiidoscutillaris 
acts as an intermediary host of Filaria bancrofti, 

S. calopus, the species responsible for transmission of 
yellow fever and dengue breeds in small artificial collec- 
tions of water, such as barrels, puddles, cisterns, etc. 
The eggs resist considerable degree of drying and as they 
may sink to the bottom of ^ 

the water in which they lie, ^ j ^ Z^**^^**^^^ 

are liable to be pumped up b M ^ 

into water reservoirs. J 

The Stegomyia is a purely ^7--'} y 

domestic mosquito, rarely g 

found far away from towns *! 5 

and villages and like other 
brightly coloured mosquitoes k — ^ )z:\ 

it bites chiefly during the day ;;z: ^ 

and only occasionally at night, t Vw ^ \ 

The females are blood-suckers. ^ 

Each female lays from twenty \ ^ 

to seventy-five eggs separate- \ \ ^ 

iy, instead of being cemented \ 

together to form rafts, as in \ 

other culicinae, on the surface \ " ^ 

of the water. These are very ^ 

minute, black, cigar-shaped. Fig. 46. — Mosquito. 
and most resistant ; they are a. Proboscis ; B. Antcrmse , C. Palpi ; 

generally found in cisterns or «; “j^esUhorax*-*® h. seuteiium j 

rain-water barrels. The Stego- ij tiL ; "" 0 “ 

myia is recognised by the tarsal ; P and Q. Xarsal segments ; 

broad, flat, imbricated scales de’poSto^Tvl 
completely covering the head 

and abdomen, and which are invariably present on the 
middle lobe and frequently also on the lateral lobes of the 
scutellum. The scales giving a satiny appearance which 
is characteristic. It is a beautiful insect strikingly 
marked with black and white, and the most charac- 


teristic feature by which it is differentiated from every 
other mosquito is the lyre shaped white mark on the 
thorax. 
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Anopheles and Culex. — The eggs are laid on the sur- 
face of the water near the edge of the tank, etc., and 
are held together by a sort of gummy material which 
surrounds them. 

In the ease of culex, hundreds of eggs are cemented 
together to form rafts which are about the size of 
caraway seeds and of a brownish-black colour. While 
in the ano])heles each one remains separate and has an 
air cell which helps it to float. The anopheles female 



Fig. 47. 


Culex larva in breathing 
position on the surface 
of water ; resting posi- 
tion of adult culex. 


Anopheline larva, showing breathing position on the 
surface of watei , resting posiuon of adult ano- 
pliclino mosquito. 


lays from 100 to 150 eggs on the edge of the tank on the 
wet mud. They are cigar -shaped and white in colour 
when first laid, but changes rapidly into black. 

In about three days the larvse emerge from the under 
side of the eggs and are big enough to be seen by the naked 
eye. The larva s^vims actively about the water, and has 
a flattened head with a pair of big eyes, rectangular thorax 
studded with bristles, and a segmented abdomen with 
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several lateral bristles. There are also two curious struc- 
tures at the posterior half of the abdomen — one is a sort 
of fin, while the other is an air-aperture protected by 
valves which open and close as required. 

The position of the larva in water durinj^ breathinpf 
depends on the arrangement of the air apertures. In 
anopheles the apertures are close to the surface of the body 
and so the larvfc lie horizontally bciieath the surface of 
the water. The culicinse larvae are supported by the 
syphon fringe, while their head and body hang down. 
Small fishes have a natural tendency to live on larvae, 
which protect themselves by taking shelter in the aquatic 



Fig. 48. — Heads of Culex Fig. 49. — Heads of Anopheline 
1 Male ; 2, Female. 3, Male ; 4, Female. 


weeds. The larvae are very voracious and live on small 
aquatic plants and animals not excluding their own kind. 
They cast their skins several times before they reach full 
development. The stegomyia larva? are longer than those 
of culex, they have a smaller head and less prominent 
thorax, and their attitude is almost vertical. To protect 
themselves from fish, they hide in the weeds and grass on 
the edge of the tanks, and therefore the tanks should 
always be kept free from weeds. 

In about 8 to 1 0 days the larva develops fully, and a new 
creature, known as pupa, is formed out of it. It is shaped 
like a comma and is lighter than the water on which it 
floats and it moves about actively. It has no mouth and 
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therefore cannot eat ; it breathes through two small tubes 
on each side of the thorax. In about 24 to 48 hours the 



5 6 


Fig. 50. — ^Hbads op Stegomyia. 
5, Male ; 6, Female. 


pupa case splits and the perfect insect or imago is hatched 
out. When the adult mosquito is ready to emerge, the 


pupa becomes straight and 



lies flat on the surface, the 
empty case acting as a raft 
on which the mosquito 
rests till its wings have 
dried. 

Habits of Mosquitoes , — 
The adult insects, parti- 
cularly the males, live on 
vegetable juices, but the 
females of most species are 
blood-suckers and so their 
proboscis is modified for 
the purpose. The male 
mosquito therefore takes 


Fig. 51. — CuLEX (Female). 


no part in the spread of 
disease. The whiskers or 


plumes on either side of the head of the males distinguish 
them from the females. The majority of Indian mosqui- 
toes are nocturnal in their habits. They hide themselves 
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during the day amongst shrubs and bushes, in corners, 
huts, etc. They generally live in cattle-sheds and stables 
which are usually ill-lighted and ill-ventilated, and where 
they get the necessary warmth and food (blood of animals) 
to live on. It is very often observed that infection 
generally occurs on spending the night in a malarial 



Fig. 52. Fig. 53. 

Pup^ OP Mosquitoes Anopheles Macuupennis 

1, Culex ; 2, Anopheles ; (Female) 

3, Stegomyia. 

locality or district. Persons paying a flying visit during 
the day often escape infection. 

The larva ceases to grow in winter, and the adult 
female hibernates in the dark to become active again 
in the hot season. Each female mosquito lays eggs 



a44 


HYGIENE AND PUBLIC HEALTH 


several times in a season, and at each time some hun- 
dreds ; and the fresh ones produce cg^s within a week 
or so after emergence from the pupa case. It takes 
about a minute or so for the moscjuito to fill hcrself,^ 
and with every bite she injects a poison which sets up 
local irritation and inflammation and helps to keep the 
blood fluid, thus rendering it more easy of digestion. 
The plasma of the blood is excreted, leaving the more 
solid portion in the stomach for digestion, which is e fleeted 
in one to four days when she is reach^ for a fresh meal. 
She always lays eggs after a meal of blood. Some insects 
of this order closely resemble anopheles in api^earance 
as well as in habits, chief of them are sandflies, jmd 
midges. 

Breeding-places of Mosquitoes.— It may be said in 
general that wherever there is a collection of water 
anopheles breed, although they naturally breed in terres- 
trial waters, thev may likewise breed in any collection of 
water — in cesspits, iron or masonry tanks, and even in 
earthenw'are chatties. It should be noted, however,, that 
anophelincs are not extensive travellers, and remian at 
the vicinity in which they were born. Therefore their 
number decreases as the distance from their breeding- 
places increases, and it may be concluded that the 
number in a locality is in inverse ratio to the square, of the 
distance from their breeding-places. 

Of the large number of described species of a'nopheline 
the following are the principal hosts of the malarial 
parasites in India : Myzomyia culicifacies, M. turlhiidiy 
M. Christopher si, Pyretophoms jeyporensis, Alyznrhyn- 
chus sinensis, N yssorhynchns fuligenosus, N, maevli- 
palpis, N. stephensi, N. theohaldi (Manson), ilf. Ustoniy. 
Myzorhynchus jarnesi and M. barbirostris. 

Sandfly 

These flies act as carriers of a special form of disease 
characterised by fever of short duration, usually lasting 
from three to five days. The fever was described by 
Colonel Birt as phlebotomus fever from Malta and Crete* 
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It also occurs in India in an endemic form in ChitraL 
There are two distinct species of insects popularly known 
as sandflies : (1) T\ie Simuliurn, belonging to the family 
Simulidce, commonly known as Black-flies or Buffalo - 
gnats, which are supposed to convey the germ of pellagra^ 
and (2) the Pheleboiomus, or true Sandflies or Owl- 
midges. 

The SimulidsB. — These are small thick-set, dark- 
coloured flics, though in hot climates they are sometimes 
light coloured. They have a hump-backed appearance 
and are provided with short, thick, cylindrical antennae 


Pio. 54. 

Larv;b op Simulium. 


Fig. 66. 
The Simulium. 



of eleven segments each. They have a peculiar dancing 
flight, and the females are blood-suckers. The larvic 
live in running waters, they are vermiform with swollen 
posterior ends, and are provided with twm fan shaped 
cephalic plumes which vibrate in water in the' act of con- 
veying food to the mouth. They adhere by their hind 
part to a(|uatic herbs and stones, and spin threads whieh by 
anchoring them to suitable projections protect them 
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from being carried away. When full grown a cocoon is 
formed into which it pupates. 

The PhlebotomuB. — This includes Phleboio7nus papatasii 
P. molestus, P. minuivs. Whittingham and Rook (British 
Medical Journal Dec. 15th, 1923) of the Sandfly Com- 
mission, made a careful study of the life history and bio- 
nomics of Phleboto7nus papatasii. They have shown that 
the virus of the sandfly fever is handed on from gene- 
ration to generation. In fact the fever was transmitted 



A. 




Fig. 56. — ^A, Febtilised Ovum. Fig. 57. 

Showing ruptured egg-shell and Emergence of Imago FROM 
the larva emerging ; B, The Pupa case. 

Larva of Sand-Fly. 

to man by the bites of phlebotomi bred in sterile soil in 
England. The following description is based on the 
researches made by Whittingham and Rook. 

It is a small midge 8 mm. in length, delicate build, 
and thickly covered with fine, long hairs. The body 
is pale lemon tint. The eyes are relatively large, black 
and conspicuous. The antennae are long and filiform 
with sixteen segments. The proboscis is long and con- 
tains delicate piercing organs, and on either side of 
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it are the bushy labial palps which are folded back on 
themselves, which protect the proboscis. The wings are 
hairy and lanceolate. They are held erect in a charac- 
teristic attitude resembling deer’s ears, expect when 
newly hatched or shortly before death. 

The female is recognised by the spindle-shaped abdo- 
men, while in the males the presence of the external 
genitals gives the posterior extremity of the abdomen 
the appearance of the tail of an aeroplane. 

The Ovum, — It is 0.385 mm. long, 0.12 mm. broad, 
ovoid dorsally and flattened or slightly concave ventrally. 
It is moist, glistening and when fresh of a pale yellow 
oolour. It soon becomes opaque, and daily for eight days, 
changes colour, passing from light to dark brown, and 
then to sepia. During this period the surface markings 
on the egg appear. The egg matures in nine to ten 
days in summer, and under favourable atmospheric condi- 
tions the larva emerges within five minutes of the first 
appearance of the head through the egg-shell. Excessive 
moisture retards this process and may even cause death. 
Drying is more injurious than moisture. 

The Larva, — This consists of a head and twelve 
segments. The head is furnished with strong jaws. 
Throughout the whole larval stage a white Y-shaped 
mark and a pair of small antennte are seen on the back 
of the head (c. Fig. 56. B.). Both the head and the body 
are filled with short, white or yellow hairs. 

For the first five days of life the larva feeds voraciously 
and rapidly grows in size. The larva goes through a 
series of moultings, and pupation occurs at the end of 
the fourth month. 

The Pupa, — The length of time between the hatching 
of the ovum and pupation may be 24 days, and if the 
insect hibernates, it may be as long as 202 days. 

The larva gradually empties its guts for two and three 
days before pupation. Excess of moisture, or a tempera- 
ture below 65® F., retards this process. During this 
time it seeks darkness. The surface of the body looks 
bloated, dull, wax-blue and semi-transparent, and the 
insect becomes very sluggish. After several arching 
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movements the chitinous head covering separates on the 
dorsum from the rest of the skin and the pupa emerges. 

The newly emerged pupa is 5 mm. in length, club- 
shaped, moist, glistening and of a milk-white colour. 
The head of the club is formed by the head and the 
thorax which appear fused in one mass. J5y the ninth 
day of pupal life the component parts of the imago are 
seen, and pigmentation of the eyes and hairs is marked. 

The hna^o,— The new- 



Fro. 58. — Fem\le Phlebotomus. 

(2.) SA3IE NATURAL SIZE. 


ly hatched imago is white 
with body and wings 
covered with long downy 
ha^rs. The wings are 
moist and crumpled up, 
and held in a horizontal 
position. When the wings 
arc dry they are raised 
at an angle of 15® above 
the body, and the insect 
is able to fly and feed. 

When disturbed they 
jump to one side, almost 
like a flea, a characteristic 
movement of the sandfly^ 

Like mos<]uitoes, the 
males are harmless, but 
the females are blood- 
suckers, and being of a 


smaller size they have the advantage over mosquitoes in 
getting through ordinary mosejuito netting. They avoid 
light and bite chiefly at night, and in shady places during 
the day. They ordinarily bite the wrists and the ankles 
even through the socks and light elotliirig. The actual 
bite is not felt, the pricking sensation is caused by the 
injection of saliva which takes place a few seconds later. 
The saliva delays the clotting of blood which is sucked up. 
They are generally to be found in or near bathrooms, 


near the floor, under bricks and stones, and in damp, 
shady places. They breed in places where v^egetable 
organic matter like food refuse is under-going decom- 
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position, particularly in the drains adjoining cook- 
houses. 

Protection against sandfly is very difficult, and was 
almost impossible during the last war. Large numbers 
arc killed by fumigation with sulphur or spraying with 
formalin or cresol. Essential oils, chiefly oil of cassia, 
are clTective as long as the smell lasts. Fine-mesh 
(22 holes to the linear inch) mos<juito net affords a real 
measure of protection. Cood walls and floors, occasional 
painting and varnishing of all doors and windows are 
worth trying. 


ClTIRONTOMID^ OR MiDGES 

These little blood-thirsty insects belong chiell}^ to the 
genus ceratopo^on , tliey are found in most part of the 
world, and are very annoying to 
man. Mulges are distinguished 
from the moscpiitoes by their 
small head, short proboscis, and 
by the absence of scales on the 
body and wings and dilTerent 
venation. In their resting atti- 
tude they raise the forelegs and 
hold them up in front of the head, 
while the mos(iuitoes raise the 
hind ones above the thorax and 
abdomen. They arc extremely 
small Hies, males being somewhat larger than females. 
They are blackish or greyish-brown in colour, with 
wings often hairy and freijuently speckled with greyish- 
brown blotches. When at rest and wings closed one 
over the other they look like blades of a pair of scissors. 
With the exception of one variety, which is terrestrial, 
all the other species lay eggs in water which pass through 
the same stages as those of the mosquito. The larvje 
of the terrestrial variety feed on rotten vegetable 
matter. 

Patton has described a new Indian blood -sucking 
midge, common in Madras, which he has named Culicoides 



Fig. 59. 

Midge (Ceratopogon) . 



850 


HYGIENE AND PUBLIC HEALTH 


kiefferi. How far these are responsible as carriers of 
disease is not settled. 

Flies 

Flies belong to the family Muscidce, and the common 
house fly and blue bottle are familiar to all. They belong 
to the order Diptera and are most widely distributed of 
all insects. The house-fly is quarter of an inch in length, 
mouse grey in colour, with four narrow black stripes 
on the thorax. The proboscis ends in a pair of fleshy 

lobes and when not in use is 
folded away into a cavity un- 
der the head. This proboscis 
is merely adapted for sucking 
food and is not capable of 
piercing the skin. 

The female deposits her 
eggs only in materials that 
will provide food and a home 
for the maggots. The food 
material must be capable of 
being easily swallowed, moist 
and warm. It cannot breed 
in perfectly dry material. 
Normally it breeds in decay- 
The Egg and Larva op ing refuse of all sorts, and is 

House-Fly. especially partial to horse 

manure. It also breeds freely on human excreta, which 
makes it very dangerous to human beings, carrying as it 
does the germs of intestinal diseases. A female house- 
fly will lay as many as 120 to 500 eggs at a time. 
Taking the egg batch to be 120 eggs in each case the pro- 
geny of a single house-fly will number 482,000 in seven 
weeks, i,e, three generations, taking the time of develop- 
ment from egg to fly as seven days (Austen). Each 
house-fly passes through the four following stages : — 

1. The Egg or Ovum — The eggs are glistening white 
about in. to in. in length and look like tiny 
grains of polished rice under a fairly strong hand-lens. 
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They are usually laid one on top of the other. Each 
female lays from 120 to 150 eggs at a time, and may 
deposit five or six such batches during its life. Thus 
each female may produce 600 to 900 eggs. The subse- 
quent development depends upon the temperature of the 
air, the character and the temperature of the food. 

2. The Larva or Maggot , — The eggs hatch into tiny 
white, footless maggots within 8 to 24 hours. They 
grow rapidly and burrow into the food material on which 
they feed. They are about \ in. in length and develop 



within 2 to 4 or 5 days. The maggots shun the light 
and disappear during the day time, but come to the 
surface and move about at night. 

3. The Pupa or Chrysalis , — The full grown maggot 
is followed by this stage which extends from 5 to 7 days 
under favourable conditions, but may extend to four 
weeks or more. It is passed within a barrel-shaped 
puparium or shell, usually about J in. in length. It is 
at first of pale yellow colour, but becomes successively 
red, brown and finally black. 

4. The Adult Fly . — The newly hatched fly is lacking 
in colour and has a wizened or shrunken appearance 
incapable of flying. It is provided with a sac on the 
front of its head which by alternate expansion and con* 
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traction helps the fly to escape from the puparium. The 
sac is subsequently withdrawn inside the head and cannot 
be seen any more. The wings spread out soon, the outer 
covering of the body and legs harden and the fly looks 
quite normal. 

Excepting the important group of blood-sucking 
muscidae, flies, as a rule, cannot bite, and therefore are 
not blood-suckers. They therefore act as carriers of 
disease in a purely mechanical way. It has been proved 
that fly is capable of carrying B. enieritides (Gaertner) 
for eight days, B. prodigiosits up to seventeen days ; 
B. tuberculosis when infected by feeding oti tubercular 
sputum for seven days ; B. anthrax for five days and 
spores for atleast twenty days ; and B. diphtheria for 
twenty-four hours. Cysts of hijstolitica could be found 
in the faeces of flies twenty-four hours after a meal on in- 
fected ficces. C. (Gordon Ilewitt states that IVovvc'zc'k has 
found a flagellated protozoon. allied to the trypanosome 
in the house-flies which he examined. The discovery 
of this parasite in the common house-fly is of great 
importance, since it is believed that kala-a/ar is due to 
a species of Herpetomouas.* 

No method of sanitation is perfect that does not limit 
or destroy their breeding-places, and also prevent or 
limit their access to excreta, and protect articles of diet, 
both in public and private places, from their contact. 
The presence of --Musca domes tica \nd\viitcs either 
that there is abundant food or good material for the 
deposition or hatching of eggs in the vicinity. 

A certain number of adult Muscidw bite and suck the 
blood of man and aniuials. Their trunk undergoes 
transformation into a rigid tube of variable length which 
extends horizontally from the under surface of the head 
and serves to pierce the skin. The most important of 
these biting flies ate the Stomoxys calcitrans which are 
supposed to act as carriers of poliomyelitis, anthrax, 
relapsing fever and sarra in animals and epithelioma 
in fowls, and the tse-tsc fly which belongs to the genus 
Glossina, and acts as the carrier of the parasite try- 
J, T. C. Nash, Bombay Medical Conoress, 1909. 
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paiiosome, giving rise to sleeping siekness. It was 
formerly supposed that the parasites were eonveyed 
in a purely mechanical way, carried in the insects’ probo- 
scis, but recent observations by Kleine and Bruce tend 
to prove that glossina serves as an alternate host in a 
purely biological sense, and that the trypanosome, after 
entering the intestinal canal ol the insect, undergoes 
developmental changes which enable it subsequently 
wlien opportunity offers to effect a lodgment in some 
vertebral host. 



The Stomoxes.— In a])pearance it resembles the 
domestic fly, from which it is distinguished by the hori- 
zontal rigid shilling black proboscis projecting like 
an awl in front of the head. It is non retractile. The 
StoDioocys calcitrans is the common stable -fly. It is 
found all the world over, living near stables and cattle- 
sheds. It can be identified by the eyes, kidney shape in 
profile, and the dark rounded spots in the form of a 
triangle on the abdominal segments. The palpi are short 
and not protecting the proboscis, and the wrings diverge 
at an angle when resting. The fly is very voracious blood 
sucker and never quits inhabited places. The larvsc 
look like maggots. In the course of two to three 
weeks they change into pupse which develop in a 
fortnight. 

28 
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The Glossinas. — The study of tsetse flies and the 
diseases disseminated by them is not only of seicntilic 
interest, but of great practical importance. This is 
evident from the fact that some thousands of the natives 
of Uganda have died from slecj^ing sickness alone - a 
disease disseminated through the tsetse fly. Austen 
characterises the tsetse fly as follows : 

“ Tsetse may be described as an ordinary looking, 
sombre, brownish or greyish or brown, fly varying in 

length from to 4 lines in 
the case of Gloss ina in or si- 
tans to about 5 1 lines in 
that of Gloss ina fusca or 
longipennis with a promi- 
nent proboscis in all species. 
The hinder half of the body 
or abdomen in the best- 
known species, though not 
in all, is of a paler colour 
and marked with sharply 
defined dark brown bands, 
which arc interrupted on 
the middle line ; the abdo- 
men however, is invisible 
when the insect is at rest, 
as it is then concealed by 
the wings. The sexes of 
tsetse flies can readily be distinguished since in the male 
the external genitalia form a conspicuous, knob-like 
protuberance (hypopygium) beneath the end of the 
abdomen, which is absent in the females.” When in a 
retiring attitude the wings overlap on the back, crossing 
each other and thus differ from stomoxes and the 
domestic fly. This not^only gives the fly an elongated 
appearance, but serv^ to distinguish it from other 
blood-sucking diptera. 

Glosslnce do not lay eggs like most other flies ; the 
larva? attain their full growth in the ovary, and after being 
passed do not feed but pass into the ground and become 
pupse. The larva? are deposited in the vicinity of rotting 



Pig. 63. — Tsetse Fly. 
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vegetation, especially near the roots of plants and 
trees. 

G, palpalis is found in boats and canoes, and frequently 
it will crawl out and bite the legs ; and as it flies low it 
often bites either the ankles or the legs, unlike the higher 
flying G, morsitanSy ^^hich attacks the upper part of 
the body, the head, or the neck. 

Tsetse flies are confined to Africa and the shores of the 
Arabian Gulf ; they are found along the banks of rivers, 
springs, coasts of lakes, open pools, and sandy banks, 
especially at the foot of mountains. The places occupied 
by the flics arc known as “ fly belts.” 

Tsetse flies are voracious blood-suckers, exhibiting 
great persistency in their attacks on man and animals. 
They bite almost exclusively during the day. The bite 
is rather painful, and unless infected produces no subse- 
quent local effects. The flies become infective about 
thirty-four days after feeding and remain infective for 
seventy to eighty days, and probably for the rest of their 
lives. Contrary to what is the case among horse-flies 
(Tabanidue) and mosquitoes (Ctilicidce), of which the 
female alone suck blood, in the tsetse both sexes are 
blood-suckers (Manson). 

Besides these, certain larvae of dipterous insects like 
scrcwworm, or of sarcophagidae, cause myiasis in man. 
The larvae are deposited in open wounds and in the ear 
and nasal fossae, especially of those having offensive dis- 
charges which attract the fly. They fix and burrow in 
the tissues, giving rise to pain and blood poisoning which 
may end fatally. 

Protection against Flies. — The fly should be regarded 
as a creature of disgusting and dangerous habits and 
should not be tolerated within the d^vellings or on the 
food any more than a plague -stricken rat. Therefore 
every precaution should be taken to prevent fly nuisance. 
The following golden rules advocated by Austen are 
worth remembering : — 

1. “It is better to prevent house flies from breeding 
than to permit them to breed unchecked and then 



356 


HYGIENE AND PUBLIC HEALTH 


endeavour to kill the resultant broods after they have 
invaded houses or other habitations.” 

2. “No system of sanitary control can be regarded as 
efficient which allows house-flies to have access to materials 
containing, or possibly containing the germs of the 
disease.” 

The preventive measure ma^^ be considered under the 
two following heads : — 

A. Measures against eggs, larv«x% and pupa'. 

B. Measure against the adult flies. 

A. Measures against eggs, larvcc and 'pu'pa\ — Since 
flies breed in filth and dung, or decayed animal or vc'ge- 
table matter, measures should be taken to remove refuse, 
especially stable refuse, daily. Horse manure being tlie 
most favourable breeding ground, it requires careful 
manipulation. The best method of dis])osaI is of course 
by incineration. Where this is not possible, especially 
in dry weather, the manure could ])e dried in the sun 
in thin and even layers, which could be collected and 
burnt in heaps. 

It is rather difficult to control breeding of flies in 
ordinary domestic manure heaps. Jfut one can reduce 
the number by collecting and destroying the eggs or larvae 
as advocated by Capt. Marrctt. The one way is to 
mark out the spots where flies are seen ovipositing and 
later to burn the cluster of eggs. The other method 
being to catch the larvae in special traps during their 
migration to moist, cool spots suitable for pupation. 

A large number of chemicals have been used and 
advocated to kill the maggots or eggs, but most of them 
proved useless. Thus for the prevention of breeding 
in any material bleaching powder is absolutely useless, 
A 5 p.c. solution of crcsol, borax (Jib dissolved in 2 to 
3 gal. of water) and powdered hellebore (F. viride) 
however are quite useful. These substances when ap- 
plied in sufficient quantity prevent hatching out of 
adult flies. 

The most difficult part of anti-fly campaign is edu- 
cating the public to dispose of all household and kitchen 
refuse properly. No amount of screening, trapping or 
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poisoning will make up for careless disposal of filth and 
waste, which should be disposed either by burning or by 
dumping. The disposal of human excreta in a way that 
will prevent fly breeding is one of extreme difficulty. 
Unless fly-proof buckets are used and the night soil is 
removed in well covered receptacles it is impossible 
to prevent fly nuisance. Disposal in shallow trenches 
often affords an excellent breeding ground, and the larvae 



Fig. 66. — Fly Tbap. 


hatched out in the excreta easily find their way to the 
surface. Deep trench latrines covered with fly-proof 
scats (See pp. 228 ) are more useful when properly 
managed. It is almost impossible to prevent breeding 
of flies in the latrines of private houses where the 
pail contents are removed only once in 24 hours. If 
however each person using the latrine covers up his 
excreta completely with earth or sand it will prevent 
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access of flies. Simple, though this precaution is, it 
is a matter of extreme difficulty to observe in practice. 

B. Measures agamst adult flies , — Inspite of the 
precautions to prevent breeding of flies there will still 
be flies and to spare. These measures are therefore used 
for the destruction of the house flies. 

Flies are killed in many ways, by adhesive fly-papers, 
fly traps, poisons, spraying fluids, petrol fumes and 
fly-killers. 

The usual poisons are formalin, sodium arsenite and 
pyrethrum powder. A poison harmless to man is made 
by mixing together one dessert spoonful of commercial 
formalin with one pint of lime water. A little sugar, 
honey or treacle may be added. This mixture is put 
in a cup or tray and then placed in kitchens, dining 
rooms, etc. To be effective no other food should be 
accessible to flies. Sodium arsenite is a powerful poison 
and should be used with caution. It can be used in a 
small scale indoors or may be sprayed on to manure heaps. 
Leafy branches may be soaked with the solution and 
suspended in the vicinity of latrines and other places 
where flies congregate. Usually ]5i grs. of sodium 
arsenite is dissolved in oz, of water to which a little 
sugar or gur is added. In the form of spray or fume this 
solution is very useful in killing flies in huts, tents, build* 
ings, etc., in the evening after the flies had settled down 
for the night. 

Flypapers or “ tangle foot ” are made by heating 
together five parts of castor oil and 8 parts of resin powder 
and then spreading in thin layers on glazed paper. 
This is effective as long as it remains “tacky.” 

Fly traps arc very useful in destroying adult flies and 
several varieties are now obtainable. A very convenient 
form has been devised by Col Balfour in which the flies 
enter through a nd,rrow slit on the side and once inside 
they seldom find their way out. These are subsequently 
killed by fumigation. An ordinary trap consists of an 
outer cone or cylinder of wire gauze with an inner cone 
of the same material having an opening at the point 
and supported on short legs. The trap is baited with 
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stale eggs, spoiled banana or gur (treacle). The flies 
seek the bait and enter the larger cone through the opening 
in the loAver one and are unable to find their way back. 
The small traps are intended for indoor use, and the large 
ones are placed outside on the street. 

PuLTciDiE OR Fleas 

Fleas belong to the order of Siphoneptera, but they 
differ from other insects in not possessing any wings and 
in having a form and structure profoundly modified in con- 
sec|uenec of their parasitic habits. They have a body 
flattened laterally, and have a head, thorax, and abdomen. 
The head is united behind to the thorax. The limhs are 
long and spiny, and the foot has five joints, which end in 
hooklike processes called claws turned in opposite 
directions. The anterior limbs are inserted nearly 
underneath the head and are more slender than the pos- 
terior ones. “ The beak is composed of an exterior 
jointed sheath, having inside it a tube, and carrying 
underneath two long sharp lancets, with cutting and 
sawlike edges. It is with this instrument that the 
flea pierces the skin, and both males and females suck 
the blood.” The amount of blood which these insects 
can absorb is enormous comj^ared with their small 
size. 

The males are distinguished from the females by 
being smaller and having abruptly u})tilted tails formed 
by the end of claspers and by the large coiled-up penis. 
The females have no u})-tilted tails but possess a curved 
reccptaeulum seminis which stands up prominently in 
any properly prepared specimen. The female flea lays 
eggs which are oval, smooth and white ; and about eight 
to twelve are laid on floors, dirty carpets, or dry earth. 
They also pass through larval and pupal stages. It takes 
about 2 to 4 days in summer and eleven da^^s in winter 
for the larva' to come out of the eggs. The duration may 
be longer in winter and may be even 21 days. The larva 
is an active footless maggot with scanty hairs on every 
segment of the body. They can be detected with some 
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difliculty in the dust where domestic animals sleep. 
When full grown they spin a cocoon usually covered 
with dust and dirt in which they arc transformed into 
pupic. In another fortnight they become perfect insects. 
Fleas are most common in dirty and deserted houses, and 
in places inhabited by people of unclean habits. Several 
species live on animals, but the st\idy of rat ilea is of 
special interest to us. 

Rat Xenopsylla cheopis is the common rat flea 

of India and of the tropics, and acts as tlic passive inter- 



Fig. 60. — Xenopsylia Cheopis. Fig. 07. — Larva of 

Xenopsylla Cheopis. 

me diary carrier of B. pestis, not only from rat to 
rat, but from rat or other infected animal to man. 
Although it is essentially a parasite of the rat, it docs 
not confine its attacks on rats only, and will bite man 
when there are no rats which it can feed on. Besides 
the rat fleas other species of fleas, for instance, Ctenoce- 
phalus canis, which bite dog, rat and man also act 
as carriers of plague. Fleas act not only as carriers, 
but also as multipliers of the germs. It has also been 
shown by the experiments of the Indian Plague 
Commission that if fleas are excluded, healthy rats wall 
not contract the disease even if kept in contact with 
plague-infected rats. It resembles very much the 
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common flea, Fuleoc irritans, but it is smaller and light 
coloured, and has a number of bristles on the head. 

Major Cragg has shown that three distinct species of 
Xenopsylla are found in India, viz. — X. cheopi.s, X. astea, 
and X, brasiliens. The former is most prevalent in 
plague-infected areas, and it is doubtful if the other 
two varieties play any part in the transmission of the 
disease. Laboratory experiments have so far confirmed 
Major Gragg’s findings. 

Sand Flea or Chigger . — Sarcopsylla is an 

excessively troublesome insect found in the West Indies 
and West Coast of Africa, It has now extended to the 
East Coast of Africa, whence it has been carried home bv 
Indian labourers. It lives on 
the ground, and is abundant 
in dry sandy soil, particularly, 
near the sea shore : dirty 
rooms and huts, stables of 
cattle, etc., are the favourite 
haunts of Ihese insects. 

The chigger rescmibles the 
common Ilea, but is a little 
sm filler, the head being com- 
paratively larger. It is flat, 
reddisli brown in colour, and 
attacks all warm-bjoodcd animals including birds and 
man. It is armed with a powerful rostrum, a prolonga- 
tion of the pharynx- the epipharynx. The under sur- 
face is grooved and continuous with the wall of the 
pharynx. The mandibles are also groov^cd on the mesial 
surface. Being nearest the ground, the feet are the parts 
most commonly attacked by ehiggers. The scrotum, 
penis, the parts round the aiius^, the thighs, the head and 
face may also be attacked. 

The female, when impregnated, makes her way under 
the skin and becomes almost a motionless bladder through 
the enormous development of the ovary. During this 
period it sets up much irritation with inflammation and 
formation of pus which gives an appearance of a pea-like 
elevation. When the chigger is expelled a small sore is 



Fig. 68. 

Ctenocephalus Canis. 
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left behind. These insects are held responsible for causing 
suffering, invaliding, and indirectly death. 

The common sources of fleas in a house are (a) want 
of proper cleanliness ; (b) proximity of stables, etc., where 
fleas breed unchecked ; and (e) flea carriers, viz. cats, 
dogs, rats, etc. 

Preventive Measures , — Rats and mice must be got rid 
of. Dogs and cats require careful washing with soap 
and carbolic acid or some other coal tar preparation. 



Fig. 09. Fig. 70. 


Sand Flea ; Impregnated Female. Sand Flea. 

Badly infested rooms should be thoroughly washed after 
sprinkling flaked naphthaline over the floor and keeping 
it shut for 24 hours. Petroleum, kerosene, or paraflin 
oil emulsion with soap will kill fleas on the floor, clothing, 
or on the coats of animals. 

Bugs 

Bed-Bug. — It is a flat, oval — on closer examination- 
bristly little creature, 5 mm. (J of an in.) long and 3 mm. 
broad, of a dull amber or chestnut brown colour. The 
head is short and broad with a pair of prominent com- 
pound eyes and two antennae (or “ feelers ”). On the 
lower side of the’ head is the apparatus with which it 
sucks blood. The segmented rostrum or proboscis run- 
ning backwards from the front part of the head to 
between the bases of the first pair of legs. 

It belongs to the order of Diptera and comprises an 
enormous number of species. In India two species. 
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Acanthia lectularius {Cimex lectularius) and A, rotun- 
datuSy attack man. It appears that the bed-l)ug was 
originall}'' a parasite of birds and mammals, bnt although 
it is confined chiefly to man it has other hosts as 
well. It has a very wide distribution and can survive 
long periods — even a year — without food (Lefroy). The 
eggs are laid in any place to which the females can gain 
access — in cracks and fissures, in furniture, etc. Like 
a mosquito it injects an irritating fluid which causes a 
flow of blood to the spot on which it engorges itself. 

Red-bug is responsible for many communicable 
diseases. For instance some hold that kala-azar is 
conveyed by these pests. It has also been accused of 
carrying the infection of relapsing fever, leprosy, 
tuberculosis, etc. 



Fig. 71. Fig. 72. 

The Bed-Bug (Dorsal view). The Bed-Bug (Ventral view). 

Although they cannot fly bed-bugs walk rapidly and 
are capable of migrating from one house to another. 
They are frequently introduced with luggages, boxes, 
etc., and are usually found in cracks and crevices of all 
kinds, in the wood work, walls, floors, amongst books, 
etc., and frequently near a bed and in the frame work 
of the bed itself. They are also common in chairs, rail- 
way carriages, tram cars, etc. On account of their habits 
bed-bugs are very troublesome to exterminate. Large 
wooden beds, chairs and benches furnish many cracks and 
crevices into which the pests force their flat bodies. 
Liberal application of gasoline, benzine, or kerosene oil^ 
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emulsified with soap, is often helpful. Fumigation with 
hydrocyanic acid, sulphur dioxide and formaldehyde 
is often resorted to in railway carriages and buildings. 
Superheated steam may be tried. Use of boiling water 
where there is no possibility of damaging the articles 
is very effectual in destroying both eggs and the bugs. 

Ammonia, olive oil, or menthol are said to allay the 
irritation caused by the bites. Tr. iodine and peroxide 
of hydrogen have also been used with good results. 

Conorhinus. — This belongs to the family Reduviidee 
and has of late attracted much attention. Thus Trio- 
torna {Conorhinus) megistus is held responsible for 



Fig. 73. — Egg and Nymph of Conorhinus. 


transmitting human trypanosomiasis in some parts of 
Brazil where it is called “ barbeiro ” on account of its 
preference for biting the face. While in India some be- 
lieve that Conorhinus rubrofasiatus as the likely inver- 
tebrate host of the protozoon bodies of the kala-azar. 
They are 1 in. or more in length, dark brown in colour. 
These are purely domestic insects, nocturnal in habits 
and are generally’ found near bright lights which have 
an attraction for them. 

The exact breeding places of these bugs have not yet 
been discovered, but it appears that they lay eggs on 
trees, rat holes, cracks and crevices. The nymphs, which 
can not fly, crawl out of these spaces and make their 
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way for the search of mammalian blood and convey the 
infection. It takes about 5 to 6 months for the cgj^s to 
develop into the adult stage, passing through five inter- 
mediate stages, and after each stage is completed a cast 
oft* skin is left behind. 

The bites are painful where it forms an inflamed and 
erythematous area which lasts for somcdime. 

Ticks 

Ticks as a class of ectoparasites are most abundant in 
warm countries. This is ascribed to the fact that cold 
is unfavourable to the 
requirements of the egg 
and all the stages in 
early life. They form 
a very important class 
of blood-suckers and 
play an important part 
in the transmission of 
a disease, closely simu- 
lating the relapsing or 
famine fever of India. 

They attack all types 
of terrestrial verteb- 
rates, most mammalia, 
the aves, some reptilia 
and amphibia. The 
ticks are^ sufficiently big 
to be seen by the naked 
eye, and the females 
are usuallv larger than 
the males.^As a rule the 74.-Adult Conorhikus. 

ticks are temporary parasites ; some may live in a quasi - 
permanent manner, others again — as the sheep tick— may 
burrow beneath the skin. Ticks differ from insects in 
possessing four pairs of legs, and in having the head, 
thorax and abdomen fused into one unarticulated mass. 

The female lays eggs in large numbers on the ground 
and then dwindles up and dies within a few days. The 
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eggs are small grains of a yellowish colour, and in two 
or three weeks’ time they are hatched, giving rise to larv?e 
which look like minute moving grains of sand, and are 
characterised by having six legs, no stigma, and no sexual 
organ. After a short period of rest the larvae seek food : 
they swarm up to the tips of the blades of grass and 
await in clusters their warm-blooded host. It then 
becomes gorged with the blood of the host and passes 
through its first moult and emerges through the larva 
skin as a nymph. The nymph presents four pairs of legs, 
but still no sexual organs. Like the larva, it moves 
about until it attaches itself to some warm-blooded host 



and then drops off to moult again, when it becomes sexual- 
ly mature. Having thus reached maturity the sexes 
unite. After fertilization the male dies while the female 
proceeds to feed on the blood of her host for the develop- 
ment of her ova. On account of the difficulty of finding 
a suitable host ticks at all stages are endowed with a 
phenomenal capacity for fasting. In fact they have 
been found alive after a fast of four years’ duration 
(Manson). 

The ticks are nocturnal in their habits, like bed bugs, 
and live in huts, cracks, and crevices in the walls, floors, 
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or in thatch or reeds, of which the roof and walls are 
composed. They are frequently carried in mats or bed- 
ding, or in porters’ loads which have V)een stored in rest 
huts at nights. 

Hrceding of ticks in the laboratory is not so easy. 
A complete knowledge of their bionomics is necessary 
before any attempt could be made, since success depends 
entirely on a thorough understanding of the life history 
and the habits in the early stages. Thus, the whole life 
cycle from the egg to sexually mature adult stage may 
be completed in one species of host, or the succeeding 
stages may feed on other species. 

The fact that the tick remains fixed on to the skin 
of an animal does not necessarily mean that it is feeding 
on the host. While some species remain fixed on to 
the skin of animals others drop off after a feed of 
blood. Copulation usually takes place on the skin of the 
host. 

The ticks which feed on infected persons do not them- 
selves become infective, as the infection is transmitted to 
the progeny, and therefore, if a tick feeds on an infected 
person, it may be some time before the progeny of these 
ticks can infect a susceptible person. 

The species of ticks which arc of special interest are 
Ornithodoros mouhata and Ar^as persicus. The mischief 
caused by the ticks is not confined only to man. The 
havoc caused by them is best seen in the cattle. They 
are the transmitters of several species of piroplasmata 
and spirochaeta. The various kinds of relapsing fever 
due to spirochaetes may be transmitted from man to man 
by means of these arthropods. 

The relapsing fever of Africa and America, the tick 
fever of Miana (Persia), the spotted fever of the Rocky 
Mountains, the Japanese river fever, etc., are all trans- 
mitted through the agenc)^ of ticks. How far they are 
responsible for the propagation of typhus and typhus 
like fever is left for future workers to decide. 

Destruction of ticks is a dilTicult matter. Mud floors, 
reed and thatched walls and rools cannot be thoroughly 
cleaned ; while travelling huts should be avoided. 
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O, moubala cannot climb up a smooth wall. Beddiniif 
should not be placed on the floors, and should always be 
carried in a tin box. There is little risk in the day time 
or when the rooms are lij^hted. 

Ticks in animals are controlled by dippini; in a solu- 
tion of sodium carbonate 24 lbs ; acid arsenious S lbs ; 
tar 2 i^als ; water q.s. to 500 f?als. Crude petroleum 
has been used largely. The cattle may be treated by 
applying the above mixture by means of cloth or spray. 


Lice 

Lice are small wingless insects living entirely on 
mammalian blood. The whole life cycle of the louse 
is bound up with that of the host. Three varieties of 
pediculus are parasitic on man, vi/., (a) Pediculus capitis^ 
or head louse ; (b) Pediculus hufnanns corporis, or body 
louse ; and (c) Phthirms or crab or ])ubic louse. It 

is possible that other mammalian lice may temporarily 
infest man. 

7 he head and body lice resemble each other so much 
that they cannot be distinguished by any single character. 
On the other hand the ty])ical ones arc (pnte distinct. 
The head is conical with a constriction where it joins 
the thorax, and provided with a proboscis, a pair of joint- 
ed antcnn«x and a compound lateral eye. The head louse 
is generally darker, smaller and more bristly. Its 
antennai are thicker with deeply cut abdominal division. 
The body louse is paler, larger, with slender antenna^, and 
the notch of the abdomen merely undulated. In each 
of the three varieties there are three pairs of jointed 
legs terminating in claws. The surface of the limbs, 
thorax and abdomen is provided with scattered hairs. 
In length they vary from 1 mm. to 4 mm. 

The Crab Louse, — This is easily distinguished by the 
small size, square body, blunt and trunkated head, 
relatively large and strongly developed legs, prominent 
breathing apertures, and extreme inertness. They are 
generally found in the pubic and perineal hairs, and 
occasionally among the eye lashes. In fact they are found 
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on any part of the body where the hair is suitable, except- 
ing the head where it finds some difficulty in holding. 

The female lays up to 300 eggs, from 8-12 a day, usually 
deposited either on hair, or on cloth, and arc . 2 ^, 
long and in. broad. At one end of the egg is the 
operculum which opens and may he removed at the 
hatching of the larva. Between the egg and adult stage a 
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(Female) clefts between the segments. 


louse moults its skin three times, generally at an interval 
of 2 to 4 days. The whole process of development from 
the laying of the eggs to the appearance of the adult louse 
may take about a fortnight. 

A louse generally lives about two months provided 
it has facilities for feeding, etc. 

Dissemination of Lice, — Contact is the determining 
condition of their dissemination. Lice neither arise from 
filth and dirt, nor spontaneoush^ Dirty habits favour 
the increase of lice if once they get a foothold. Head 

24 
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lice pass from \inclcan scrv’ants to the child, or in school 
from one scholar to the other. They may be spread by 
}>rushcs, hats kept in close proximity, clothing of lonsy 
subjects, and infested bed occupied by a clean person. 
They may be blown about liy high wind, and heavily 
infested persons often drop lice which may cling tf> benches, 
lloors, carpets, etc. Dogs sometimes carry human lice 
from person to person. Head lice are common on women 
and children, body and (*rab lice on men. All three 
varieties may exist on one person. 

Lice have been condemned as 
carriers of many diseases, cliicfly 
typhus, relapsing fever and trench 
fever. ]Many skin diseases are ini- 
tiated by lice, c.g., imjxdigo. 
Prevention of Lousiness. — 

1. Regular washing of under 
clothing and bed linen. These 
measures alone will prevent lice to 
thrive even if casual infestation 
occur. 

2. Since most infestations are from iiersonal cantact, 
one should avoid coming in contact with a verminous 
person. Do not introduce lice into the house. 

3. Those coming in contact with infested persons, e.g, 
nurses, should wear linen overalls. Undergarments may 
with advantage be impregnated with some insecdicide. 

The following treatment is necessary for tliose who 
have already got infested. 

1. A hot bath with a comphde change of clothing 
followed by thorough disinfection of all garmtmts. 

’ 2. The hairs should be cut short or better shaved. 

This is often sufllcient when shaving is not yiossible as 
with girls or women. Some insecticide may be first 
applied, e.g, aitrmoniated mercury ointment 5 p.e. per 
ounce once a day, or calomel pomade (I in 20 of vaseline) 
followed by brushing with a fine toothed metallic comb 
previously warmed. 

3. Disinfection of clothing and bedding , — This may be 
done by (a) dry heat which is the simplest and least 



Fig. 79. 

The Crab Louse. 
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expensive method. A temperature of 130° F. or 55° C. 
for twenty minutes is fatal to both adults and eggs. 
When used as dry heat the clothes should be loose and 
not tightly packed ; (b) steam ; this is very useful 

when used in any steam disinfectors ; (e) hot zvnter, and 
(d) naphthalene ; a small handful of flaked naphthalene 
scattered evenly between the blankets is often very 
effective. 

The clothes should be removed on a clean floor and 
not on a carpet or other articles where the pest or its eggs 
can lodge. 

4. Insecticides . — Kerosene or petrol are very effective 
for nits, especially when mixed with some essential oil, e.g. 
oil of sassafras, oil of eucalyptus, cedar wood oil, tar oil, 
etc. Lysol, cresol, and naphthalene are also good insecti- 
cides. 



CHAPTER XVIIl 


ANIMAL PARASITES 

Although parasites belong both to the animal and 
vegetable kingdoms, only the animal parasites will be 
discussed here. Of the animal parasites which affect 
human beings some are external and some internal. The 
former belong to the classes of insects (which see) and 
the various acari, the latter include the worms and a 
variety of protozoa. 

Parasitic animals are those which in order to obtain 
their nourishment, live wilhin or upon another living 
organism, known as their host. True parasites nourish 
themselves on the living material, e.g., blood or lymph 
of their host ; saprophytic parasites derive their nutriment 
from dead material. Many parasites are pathogenic, and 
although some saprophytes do not harm their hosts, it 
is doubtful if the animal parasites arc ever “ Symbiotic 
i,e.y whether any are beneficial to their host. 

Some parasites — Trichina spiralis are found in 
different species of animals, whilst others are limited to 
a single species, e,g., Tcenia solium and Oxyuris verrni- 
ailaris are parasitic only in man. The anatomical situa- 
tion of a parasite is known as its habitat, and they are 
designated ectozoa or entozoa according as they live upon 
or within their host. 

The mode of reproduction within the body of the host 
is both interesting and varied. Some — the protozoa — 
produce successive generations ’within the host ; others, 
e.g., the worms when wthin the host merely attain sexual 
maturity, and give origin to a second generation which 
however docs not attain sexual maturity in the same 
host. In other instances two specifically different hosts 
are necessary for completion of the life-cycle of the para- 
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site, which is immature in the one and sexually mature in 
the other. In the latter instance a change or alteration 
of the host is necessary for the developmental cycle of 
the parasite, and the animal harbouring the sexually 
mature parasite is the definitive host, that harbouring the 
immature parasite is the intermediate host. 

There are various ways in which man may be infected. 
The most common mode being the ingestion of eggs or 
immature forms of parasites together Muth water or other 
fresh food. By the ingestion of eggs man is infected 
with Cysticercns cellulosce, Ascaris lumbricoides, Oxyuris 
vermicularis, etc. ; by the ingestion of immature species 
man is infected with Ankylostomum duodenale, and 
Trematodes, Again, infection may be from the ingestion 
of the immature parasite in an intermediate host. It 
is in this way man becomes infected with adult Cestodes 
and 2'richina spiralis. Finally, parasites may be trans- 
mitted by the direct agency of the second host, e.g,, 
malaria. 

Effects of Parasites. — The animal parasites may cause 
disease in a variety of ways : — 

1. By Mechanical injury. 

2. By producing inflammatory reaction in the 

tissues. 

3. By withdrawal of nutrient material. 

4. By removal of blood. 

5. By production of toxins. 

Cestoda 

The members of this class which are indigenous in man, 
arc long, flat and tape -like worms inhabiting in their adult 
form the intestinal canal. These are commonly known 
as “ tape-worms.” Four varieties are parasitic in man, 
and three of these Tcenia solium, T. saginata and Bothrio- 
cephalus latus are found in the intestine, while the fourth 
Tamia echinococcus is found in the cystic or intermediate 
stage in the liver or other parts. The worm consists of 
minute head and neck with a longer or shorter row of 
attached segments. The head is about 1 mm. to 2 mm. 
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broad, provided with suckers by which these worms fix 
themselves to the intestinal wall. Ihliind the head is 
a long narrow neck followed by rows of segments or 
proglottides of which the worm almost entirely consists. 
The segments while remaining attached to one another 
constitute a “ strobilus,’* The whole tape^worm is there- 
fore often regarded, not as a single animal, hut as a poly- 
morpnic colony. These s(‘e:ments are small and impcr- 



PiG. 80. 

Head of Tasxia solium 

FRONT VIEW. 


A, hooklets ; a ackers ; 
fn, summit of rostellam. 



Fio. 81. 


One of the middt.pj segments 
from a T.®nia saoinata. 

t, testes ; v.d>, vasa deferentia : ov., ovary 
ut., uterus ; v, vaifina ; cl, genital pore. 


fectly developed and less defined near the neck, but grow 
larger and more defined towards the end. The central 
and the more posterior ones arc ’.\cl] marked vith lines of 
demarcation, and present n( II developed generative 
organs. Since they live on the tminnuni <!ir( et !v (h'rived 
from their hosts these worms are d(‘\(ud of anv dig( stive 
organs. But possess a complete water- vascular s\st( in 
which take the form of longitudinal tubes running down 
each side. 
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The life-history of these worms is intcrestiiii.^. The 
mature proglottides are dislod^^cd from the parent worm 
and the ova arc set free win eh retain their vitality for 
sometime. If at this stages tl»(‘se ova are eaten by some 
aniii el enpable of acting as an “ intermediate host ” they 
continue their development until the shells are dissolved 
off in tin* alimentary canal and an embryo with six hook- 
l('is IS s(*t free. These booklets enable the embryo to 
p(*netrate the wail of the alimentary tract and by way of 
the blood stream or some other channel, reach some dis- 



Fio, 82 . — Portions of a T.enia saginata. 

rt, head, neck and commencing segmentation ; 6, central ; 
c, terminal proglottides. 


taut part. 'Fhe booklets eventually disapiu ar and a cavity 
appt'ars and a fully fornu'd head is formed from the walls 
of this caN’it \ w Ineii ])e(*om(‘s enclosed in a fibrinous capsule 
sup[)lie{i l)y the surrouiuhni; tissues. During the eystie 
or intermediate stag»* tlu* }>arasite is known as cysticcrcvs 
and may live for many nionlhs. Ifsonu' tissue containing 
a living cyst iee reus is swallowed by an animal capable of 
aet iin*’ as t he d(‘(imti\ (* host ’* the ea])snle is dissolved off 
and t h(' .sioltw or tlu* lu ad is set f'aa*. Afte r attaehing 
itself by its sueloas and hooks to the* intestinal mueous 
memhraiu* it buds oh' sneec'ssive proglot t ides fiom its 
dist<d e\lr('nnly. It tak(‘s .about two months ])('tween 
ilie swallowing of t h(‘ cNstiee reals and the* j'lassage* of the 
iirst proglot t ieles from the* re-etum. 
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Nematoda 

All round worms occurring as parasites in man belong 
to the order of Nematoda. They have very slender 
bodies without segments or appendages and are usually 
bisexual with a well developed mouth and alimentary 
tract at one end and an anus at the other. The males 
are usually smaller than the females, some arc quite 
harmless, while the others are more daiigero\is. The 
followiiia are some of the important worms jjnrasitic in 
man ; 

1. Ascaris lumbricoides. — In general form it resembles 
the common earth worm, being cylindrical and ])ointed 
at both ends, of pinkish*grey colour witli a glistening 
surface when alive. They are the most frequent in 
occurrence of all the parasite^ and is especially so in child- 
ren between the ages of three and five* years. The adult 
female measures about 7 to 1 1 inches, and the male from 
4. to 8 inches, being as thick «as a goose fjuill. The ce]>halic 
extremity of both male and female has three oval papilla' 
furnished with fine teeth. The sexual organs occupy 
the posterior half of the body, the organs being at the 
junction of the middle and anterior third of the body. 
The female lays eggs in enormous numbers, and have a 
thick shell, outside which there is often a clear, irregular, 
albuminous sheath. When swallowed these eggs find 
their way into the upper part of the small intestine where 
they develop into the adult form in the course of a 
month. 

The eggs are present in great num})ers in the faces, 
and infection occurs without there being any inter- 
mediate host, by means of contaminated drinking water 
or food. 

Ascaris lumbricoides is found in all parts of the world. 
They occur in large numbers, in doy/ms and sometimes in 
hundreds. The effects arc due to irritation giving rise 
to colicky pains, and in children often convulsion and other 
nervous symptoms, jiossibly due to toxins which the 
worms naturally possess or excrete, as a product of their 
metabolism. The worms arc migratory in their habits. 
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They often wander into the stomach (whence they may be 
vomitted out). They have been found in the bile-duct, 
pharynx, larynx, trachea and even lungs, giving rise to 
different symptoms. In a few instances they may be 
matted together in the intestine and cause intestinal 
obstruction. 

2. Oxyuris vermicularis. — These are commonly called 
Thread Worms ’’and are found mainly in children. 

They inhabit the colon especially the caecum where they 
may exist in enormous numbers. As the females become 
pregnant they pass into the rectum and lay immense 
number of eggs. The female is ^ to J inch in length 
and the male half that size. They develop from ova in 
about three weeks, these ova do not develop unless passed 
through the stomach. They must therefore be passed 
per anum, and the host re -infected by the mouth before 
a new generation can develop. Water and food con- 
taminated with the ova are the common sources of infec- 
tion. Thcs(‘ worms crawl out of the anus and give rise 
to much local irritation and often leads to many different 
types of symptoms, c.g., enuresis, cough, restlessness, 
convulsion, etc. They may enter the vagina in females 
and cause vul vo-vaginitis, pruritus and leucorrhoea. 
The itching leads to scratching and thus the eggs are 
often deposited under the finger nails. In careless and 
uncleanly persons the possibility of an auto-re -infection 
should be kept in view and steps taken to prevent the 
same. The nails should be short and kept clean and 
dipped fre(|uently in (piassia infusion. The children 
should be isolated until cure is effected. 

3. Filaria. The (ilariic inhabit chiefly the blood 
vessels, lymphatics, connective tissues, and serous cavities 
of their host. Their mode of development is unknown, 
although it has been clearly established that they com- 
plete their life cycle through parasitism in two sets of host. 
The host in which the lilaria reaches maturity and gives 
birth to its offspring is known as definitive host, the other 
being known as intermediary or secondary host. In 
Filaria bancrofii we have an example of double parasi- 
tism, man and certain species of culex. 
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FilariMi are long slender thread-like worms with a 
curved or spiral tail. They are mostly parasitic in niaii^ 
thus Filarla oculi is found in the tissues of the cyc^ 
Filaria loa in the suheutaneous tissue. Of greater 
interest is a group of lilaria known as Filaria sanguinis 
ham inis ^ because the embryos are found in the blood, 
of this again the Filaria sanguinis honiinis nocturna ist 
the best-known member, the adult of wliich is gcmerally 
known as Filaria bancrofti. The female has the appear- 
ance of a white thread about ;U inches long. The male 
is very much smalk'r and less fre<|uently found. In })oth 
sexes the posterior end is blunt and th(‘ h('ad slightly 
bulbous with a central unprotect(‘(l mouth. Tiu‘ genera- 
tiv^e organ is close to the head in females. The (*mbr\os^ 
found in the blood are about one -nine' tee nt h of an inch 
long and in breadth c'qual to the dianude r of a red-blood 
cell. The parasite is provid(‘d with a line sheath which 
it does not eomphdcdy lill and in which it can mo^(‘ back- 
wvirds and forwards. 

The nocturnal lilaria is found oidy at night, or if the 
host either by habit, nce(‘ssity or elioicc*, a day slec]K*r, 
during the day. thus showing that theue is sonu' c ondition 
of the body during (|uietude that is conduei\e to the 
appearance of the lilaria in the lilood. At mid night 
they appear in greatest numbers, and Manson has esti- 
mated that there may be as many as 50, 000, ()()<) j)r(‘sent 
in the bloocl of a single individual at that time. They 
gradually diminish in number, and liy six or scw'cn in the 
morning entirely disappear. 

The embryos of lilaria sanguinis hominis ar(‘ ]>roduc*ed 
by the female* in great numbers, they are so small that 
they pass readily through tlu* capillaries. During the 
night some of the parasites may be* remo\ed by mos- 
quitoes. It is probable that after filling itself with the 
blood of an infected man during slec'p, the mosquito seeks 
stagnant w^ater, dies, and tlie larvie arc set free. In thisv 
way infection takes place through drinking-waiter. 

It has been shown that the filaria onc*e in the stomach 
of the mosquito sheds its envelop, pierces the w^all 
of the stomach, and lodges in the thoracic viscera where 
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the embryo undergoes further development during twa 
weeks, then finds its way into the proboscis to be dis- 
charged into the blood of the human host. Once intro- 
duced into the human body it finds its way into the 
lymphatics where it matures and brings forth young, and 
in due course new generation of larval lilaria^ are poured 
into the lymph which may again infect the Vdood by passing 
through the lymph duets, into the thoracic duct and 
general circulation. It is evident therefore that like the 
malaria parasite the fdaria is introduced into its human 
defmitivx* host by moscpiito bite. 

Effects. -The most common effect obsc^rved is periodi- 
cal attacks of lymphangitis with fever generally known 
as el(‘phantoid fever. These attacks are accompanied by 
swelling of the affected limb, to be folIo^^ed later by more 
or less permanent tidema of a greati'r or lesser degree. 
Sev'eral such attacks are followed l^y an overgrowth of the 
skill and subcutaneous tissue giving rise to elephantiasis 
arahum. (hiee the ease is developed few hlariic are 
found in the blood. The absence of embryos is due to the 
blocking of the channels through which they would reach 
the blood-stream. In some cases the lymphatics in the 
abdomen, scrotum, or the kidneys become varicose and 
filled witli ehyh‘ giving rise to chylous ascites, lymph 
scrotum or eh\luria. 

Ptophiilaxis. -To prevent filarial disease one must 
protect himself from mosquito bite. Wells, tanks and 
stagnant jiools must not be allowed in the vicinity of 
dw(‘lling house. 

Th(' sulijeets of filarial disease should be regarded as 
dangerous. 


t. Axkylostomum Duodena le 

Hook -worm is a common parasite of the intestine 
and causes a disease variously named. Thus in Columbia 
it is known as tun-inn ; in Europe, miners amemia or 
tunnel disease ; in Kgvpt, Egvqitian or trojueal chlorosis. 
This disease was first described in 1018, but the cause 
was then unknown. The first hook-worm was discovered 
in 1782 and 1780. In 1883 Dubini described the worm 
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Fig. 83. Fig. 84. 

A. DUODENALE A. DUODENALE 

Female. Male. 


and since then the ankylos- 
tomum has been found so 
widely diffused that it may 
be said to occur in all tropi- 
cal and sub-tropical regions 
of Asia and America. It is 
also present in South of 
Europe, and is very pre- 
valent in India, Latest 
observations made in differ- 
ent parts of Bengal show 
an enormous prevalence of 
this affection. Boughly 
about 86 to 40 million people 
in Bengal are infected with 
larger or smaller number of 
the parasite. In Egypt it 
is found present nearly at 
every })Ost -mortem exami- 
nation. 

Two distinct varieties of 
the worm are recognised. 
The Ankylostoniurn duo den- 
ale or the old form, and the 
TJneinaria americana or 
Necator americanus^ the New 
World species. Botli tyjies 
are common in Ikuigal. 
Hook-worm is almost cylin- 
drical, the males 0 to 
10 mm. (J inch) and the 
females 8 to 1 8 mm. (J inch) 
long. Its body is thread-like 
with a conical -shap(‘d head, 
and a large bell -shaped 
mouth surrounded by a 
horny capsule with four 
vertically situated hook-like 
teeth and two smaller verti- 
cal teeth on the dorsal side 
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by which the worm fixes itself to the mucous membrane* 
Towards the tail end of the male worm there is an 
umbrella-like expansion or copulatory bursa. The eggs 
are found in muddy water, or in warm moist earth 
where they liberate the embryos. These develop into 
larvae which soon enter the dormant state remaining 
quiescent for an indefinite period until they are taken 
into the human stomach. 

Man is probably the only host of this worm, although 
the same species is said to be parasitic in certain monkeys. 
The parasite inhabits the duodenum and upper parts of 
the small intestine. 

Mode of Infection. — liook-w'orm disease is pre-eminent- 
ly a rural disease, being limited to imported cases in 



Pio. 86. — ^Bggs op Hook-worm with embryo 

ESCAPING prom ITS EGGSHELL. 

large cities. Two modes of infection have been proved 
experimentally, viz ., — through the mouth directly, and 
through the mouth indirectly by way of the skin. 
Direct mouth infection is of minor importance in the 
dissemination of the disease. The eggs cannot hatch 
in the intestinal canal for lack of oxygen and perhaps 
for other reasons. Indeed Looss and others have shown 
that the young worms cannot infect until they have 
reached certain stage (encysted stage) of their life, which 
requires at least 4 or 5 days after they are hatched 
out (which requires 18 hours or more after the farces 
have been expelled). The number of eggs passed with 
each stool of a badly infected person has been estimated 
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to be over 4,000,000. During the larval sta^e they 
attempt to get into tlie nmist earth or wood, and have a 
strong tendency to migrate or crawl upon near objects, 
such as leaves, stalks or fruits of such vegetables that are 
eaten raw, and no ordinary washing could ])e ex]X'eted to 
remove all the larvje. At this stage they are very resis- 
tant to germicides, heat and cold, and will live a long lime 
if moisture and oxygen be av^ailable. They possess a 
wonderful ability to penetrate the skin to which they can 
attach themselves even after a v’^ery brief contact. The 
skin of the foot in persons going about without any 
protection is commonly the site for the (mtrance, although 
ankles, hands and arms may also be attacked. Accord- 
ing to Looss this is the most usual mode of infection, and 
he claims to have been infected in this manner, while 
making some experiments with cultures of ankylostomum 
larvjc. Once having fixed on to the skin the lar\ jc burrow 
through it causing a dermatitis which is variously known 
as “ ground itch,” “ toe itch ” or “ ground sore.” After 
reaching the subcutaneous tissue they enter the capil- 
laries and are carried into the heart, from the lieart they 
pass into the lungs and enter the bronchial tubes tlirough 
the capillaries. They are then carried into the mouth 
and are either coughed out or swallowed. In t lie stomach 
they remain uninjured by the gastric piice and pass into 
the intestine where tlie larva' devc'lop into the adult 
form, but before this final stage there is an intermediate 
exist cnee when they fix themselves to the* mucous lining 
and bore into it, presumably for the purpose of making 
a nest to lay tlieir eggs. It is clear therefore that the 
real source of hook-worm infection is always tlu' fa'c<*s 
of infected persons and that the only practical mode of 
infection is by the skin. 

Symptoms. — There is probably no disease in which 
the symptoms are so variable as in hook-worm disease. 
It is certain that every worm that enters the body comes 
from ^vithout, and that a patient cannot directly infect 
himself since the eggs cannot hatch in the intestinal canal. 
The symptoms are mainly due to loss of blood and the 
effects of a toxin which may have some destructive action 
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Jon the blood. The most common symptoms arc those of 
indiufestion and dyspepsia. Lack of energy, apathy and 
-ansemia are common during the carh^ days of the attack, 
hence the disease is commonly known as ‘‘ lazy disease.” 
Except in severe and acute cases or when the condition 
is of long standing the symptoms are very indefinite 
In well marked eases severe anaania and dropsy are 
^characteristic. Palpitation, shortness of breath and 
g(‘n(‘ral weakness are often noticed with indefinite pains 
all over the body and joints. The taste may often become 
perverted and some patients show a craving for eating 
<'arth, mud and lime. 

Prophylaxis. Theoretically prevention of hook-worm 
disease should be an easy matter, since its cause is known 
and all the characteristics of the parasite are understood. 
Put in })ractice it is one of the most difTicult diseases to 
handle owing to its wide extent, enormous reproductive 
power of the worm, rapid development of the ova in the 
infecting stage, and the fact that infection is the direct 
result of careless and filthy habits. The problem of 
prophylaxis involves tlie following : 

1. Extermination of the mature worms in the bodies 
of human beings, thus stopping the danger of infection. 

2. Preventing tlu* growth and existence of the larvje. 

8. Prev(‘nting the infection by larva^ that have deve- 
loped notwithstanding the above efforts. 

1. Kxterifiinaiion of the Moinrs ILo/v/kv.- The first step 
in the ])revention of the disease is to stop it in those 
already affected. Accurate diagnosis, careful treatment 
on modern lines followed by examination of the faeces 
will t() a great extent reduce the supply of ova and the 
possibility of fresh infection. Ihit there still remains 
another source of danger through “ carriers ’* wdio present 
no special symptoms, or symptoms so mild as to pass 
unnoticed, Vuit who harbour from a few to a couple of 
hundn'd worms which lay eggs in large numbers all the 
time. These carriers are all the more dangerous and 
should be isolated and properly treated. Periodical exa- 
mination of all persons living in infected localities and 
under conditions favourable to the existence of larvae 
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is necessary. In mills, factories, plantations, etc., all 
workers should be similarly examined, and any one 
suffering from dyspepsia or anaemia more carefujly exa- 
mined, and if any ova of ankylostomes are found in the 
feces they should be segregated and adequately dealt with. 

2. Prevention of Soil Infection , — The next essential 
is the prevention of soil infection. Ankylostomiasis is 
pre-eminently a filth disease and the only means of infect- 
ing the soil is by evacuation of the bowels where the ova 
in the feces may later develop. Any measure to be 
useful and effective must be directed towards the preven- 
tion of this source of infection. The practice of the 
people to pass excreta in or about the dwellings, open 
land or on the hanks of rivers and tanks should be rigidly 
interdicted — a most diincult task which the sanitarian 
will have to face. This and the resistance of the larvae 
along with favourable conditions of temperature and 
moisture explain the danger of the disease. The larva? 
are scattered by rains and all traces of the feces are lost, 
but the porous moist earth becomes permeated with the 
larvjc in the encysted and infectious stage. Sufferers and 
the public should be impressed with the fact that the 
fouling of the soil is the cause of the trouble, and the 
dangers of soil pollution and the necessity of avoiding 
such practice should be forcibly brought home to them. 
For the prevention of soil pollution, installation of sani- 
tary latrines is essential. The construction and use of 
such privies and the safe disposal of night soil should be 
carefully explained and their advantages clearly shown. 
Particular attention should be paid in providing easily 
accessible privy accommodation, especially where a large 
number of men congregate and work, e.g., in mills, fac- 
tories, in mining districts and along the high ways of 
traffic. Septic tank latrines or “ aqua ” privies are ideal 
arrangements. These latrines must be easily accessible 
so that neither indolence nor weakness will lead to the 
use of less secure areas. They must be inaccessible to 
animals and screened against flies and other insects from 
transporting material from them. While devising privies 
and sanitary accommodations the habits and prejudices 
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of the people they are intended to benefit must be taken 
into account. 

The larvai are killed in deep or running water, but can 
live for long periods in shallow water along the edges of 
streams — just the place used by people for washing and 
other purposes. Moist earth espeeially if sandy so as to 
retain moisture, or shaded by vegetation offers ideal 
conditions for the life of larvje and should be dealt 
with properly. 

3. Prevention o/ Infection . — Considering the faet that 
infection and dissemination of the disease are mainly due 
to the ignorance and uncleanly habits of the people, it 
is essential that steps should be taken to educate the 
public, without which the })roblcm of prevention can never 
be sol vea. Law is not the instrument best fitted to compel 
a man to be clean and live up to the rules of hygiene ; 
to be effective, the people must appreciate the philosophy 
and spirit that originate such laws and measures. They 
should not cat muddy fruit or vegetables, and should 
not drink muddy water, or water from muddy recep- 
tacles. Earth-eating should be prohibited and all wfiter 
for drinking purposes should be boiled. Every one 
living in hook-worm areas should be taught the essen- 
tial facts about the worm and their effects. Specimens, 
charts, diagrams, illustrations of patients before and after 
treatment with descriptions should be exhibited, popular 
lectures given and pamphlets printed in the vernacular 
of the place freely distributed. Cultivators and others 
working in mills, factories, plantations, etc., where the 
disease prevails should be told of the danger of going 
about barefoot. In rural areas where people work on the 
fields the use of shoes by the cultivators is unknown, and 
during the rainy season when the fields and roads are 
sloppy or partly inundated, villagers hardly ever have 
recourse to the use of boots and shoes which they consider 
more than a luxury, lie that as it may, the utility of 
using boots and shoes, and in their absence wooden 
sandals (Kharrams), as a means of reducing and prevent- 
ing infection should be impressed on the people. 
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CHAPTER XIX 


RESTRAINT OF INFECTION 

Having discussed in the preceding chapter the nature 
of the different infective agents and the various means 
by which they arc carried into the human system one 
will now appreciate the importance of the measures calcu- 
lated to prevent or restrain the spread of different 
infectious diseases. Modern research has thrown consi- 
derable li^ht on what formerly was full of darkness, and 
although much remains to be done, yet whatever progress 
has been made has exposed many defects and brought 
many changes in the older methods of prevention. 
Thus, our knowledge with regard to the transmission 
of malaria and plague has directed our attention to the 
protection against mosquitoes and destruction of rats. 
Similarly our knowledge regarding the food-supply as a 
source of danger has led to the introduction of inspection 
of animals before slaughtering, model dairies, cow-sheds, 
slaughter house, etc. 

In order to fight with the different infectious diseases 
effectively it is of primary importance to be acc^uainted 
with the habits of the different organisms, and as filth, 
foul air, bad water and unhealthy surroundings arc 
essential for their existence, cleanliness is the weapon 
to be used against them. 

Before discussing the special preventive measures for 
individual infectious diseases it is necessary that the 
student should understand the general principles of the 
following : 

1. Notification , — This requires every practitioner who 
diagnoses a case of infections disease to notify to the 
Health Officer or Civil Surgeon of the district to enable 
him to take necessary precautions at once. 

2. Isolation of the infected person. 



RESTRAINT OF INFECTION 


887 


3. Ill certain more dangerous diseases, like plague, 
small -pox, etc., quarantine may be imposed on persons 
who have been in contact with the patient. 

t. Protectiv’^e inoculation or production of artificial 
immunity, 

5. Disinfection. 


1, Notification 

By “ notification” is meant the immediate intimation 
of the outbreak of every case of infectious disease to the 
Health OfTicer or sanitary authorities. 

Notification of all infectious diseases to the sanitary 
authorities is only a means to an end, as it enables the 
medical officer of health to take immediate measures for 
preventing the further spread of the disease by isolation 
and disinfection, and other necessary cction. According 
to Whitelegge the advantages of compulsory notification 
are : — 

(i) Early and complete knowledge of all cases of 
notifiable disease, and thus of its Avhole prevalence and 
distribution in the district or town. 

(ii) Power to exercise such supervision, as may be 
necessary, over every case during its whole course, and to 
enforce due observance of the provisions of the Public 
Health Act as regards isolation and disinfection. This 
is of great importance in the case of outbreaks of diph- 
theria, scarlet or typhoid fever in dairies, schools, etc. 

(iii) Opportunity of removal to hospital of every 
suitable case ; other preventive measures, as vaecination 
in cases of small-])OX, can be offered. 

(iv) Opportunitv of investigating the sanitary condi- 
tion of all households where cases of enteric fever or 
diphtheria, or other notifiable disease may occur. 

(v) Power to control the spread of infection through 
schools or other centres by excluding members of infected 
households. 

(vi) Means of detecting at once any suspicious grouping 
of cases around schools, and examining milk-supplies, 
water supplies, and other common foci. 
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Immediate notification enables the authorities not 
only to isolate the sufferers and thus prevent them’ from 
actings as centres for disseminating the disease, but also 
to find out the real and original source of the same. With 
the poor isolation in a hospital not only ensures proper 
treatment but also better comforts. 

There is no Notifiable Disease Act in India. Only a 
limited number of municipalities and the presidency 
towns enjoin medical practitioners to report infectious 
diseases, particularly cholera, small-pox, plague, typhoid 
fever,and diphtheria, occurring in private or public houses. 
But this has proved to be of little value. It is important 
also that the sanitary authorities should be in a ])osition 
to adopt immediate steps for the seclusion of patients at 
home, and for their removal with due care to special 
isolation hospitals. 


2. Isolation 

Isolation is separation of the sick, in case of any infec- 
tious disease, from the rest of th(' household to render 
transmission of contagion from the sick to the healthy 
impossible. For persons in easy circumstances isolation 
can be satisfactorily carried out at home. J^ut for the 
poor who live in insanitary hvstees or quarters, with insuffi- 
cient accommodation, and in schools, workshops, etc., 
the sick should always be removed to the nearest isolation 
hospital as soon as the infective nature of the disease is 
recognised. 

Home or Private Isolation. — For the isolation of 
persons suffering from infectious diseases in their own 
houses the following points should be observed : 

(i) Whenever practicable the number of rooms should 
be two, on the top floor, or in a detached portion of the 
building. 

(ii) All furniture, clothes, etc., not required for the 
patient should be removed beforehand. 

(iii) The doors should either be kept closed, or a screen 
soaked in some disinfectant solution, like 1 in 20 carbolic 
acid, should be hung over them. This not only prevents 
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germs from being carried by wind, but also acts as a danger 
signal to the visitors. 

(iv) The windows should be kept open for free circula- 
tion of air. 

(v) A fire may preferably be kept up for destroying 
waste materials like rags contaminated with discharges, 
and also to promote ventilation. 

(vi) No one excepting those who are in actual charge of 
the patient should be allowed in the room. The nurses or 
attendants should take good care to wash their hands 
with some antiseptic lotion and disinfect their changed 
clothes. The dress of the attendants should be of some 
non-absorbent materials which can readily be washed. 
Fresh dresses for nurses and attendants should be kept 
in the adjoining room. 

(vii) No clothing or utensil should be taken out of the 
sick room without previous disinfection. 

(viii) Excreta and food remains should be removed 
in vessels containing some strong antiseptic and then 
buried or burnt. 

(ix) Neither visitors nor any member of the house 
should enter the room, but if necessary should speak 
through the screen or window. 

(x) When the danger of infection is over, the patient 
should be washed and bathed thoroughly with soap and 
water, and have a complete change of clothes before 
being allowed to mix with other people. 

(xi) Flies and mosquitoes must be absolutely excluded 
by screens, those already present in the room must be 
destroyed. 

It need hardly be said that the above precautions are 
very difficult to be carried out thoroughly in a private 
house, even if the patient and the family give the most 
willing assistance. It is better whenever possible to 
remove the patient to a hospital, where he will be less 
dangerous to his own people and his neighbours. It 
should be remembered that a very imperfect and incom- 
plete isolation is better than none, and may serve 
a useful purpose in checking the spread of infectious 
diseases. 
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Isolation Hospital. — In every town it is necessary that 
provision should be made for the accommodation and 
treatment of infectious cases. This is best carried out in 
an isolation hospital. The essential features of an isola- 
tion hospital are that the site should be dry, healthy, and 
well drained, and although well away from congested 
quarters yet not far enough to cause inconvenience. 
Separate wards should be provided for the admission and 
treatment of different infectious diseases. In India this 
is only done for cases of small -pox, cholera, and plague. 
A floor space of 141 sq. ft. should be allotted for each 
patient, and each patient should get about 0000 c. ft. of 
fresh air per hour. One bed for every 1000 of the popula- 
tion is to be calculated upon. There should be a special 
observation ward where all suspected eases should be 
kept. 

Proper arrangements should be made for removal of 
excreta and disinfection of soiled clothes, bedding, etc. 
It is better to keep separate ambulances for the removal 
of the sick, but whenever ordinary carriages or palaiiguins^ 
are used, care must be taken to disinfect them 
thorouglily. 

Ambulances. — Ambulances may be either wheeled or 
carried on the shoulders as doolies. When wheeled, they 
had better be rubber tyred, and may be drawn by horsc^ 
bullock, or man ; but the motor ambulances, as used in 
Calcutta, appear to be the best of all. Ambulances should 
be kept in all police stations and public places, and 
should be thoroughly disinfected after each use. 

Segregation of the inmates of infected houses in special 
camps is sometimes adopted as a precautionary measure 
for early detection of any case occuring amongst them. 
During the first outbreak of plague this method was. 
adopted by the Government of India. 

Investigation of Infectious Disease. — According tO' 
Whitelegge encpiiries on the following points should 
always be made in investigating a case of notifiable 
disease : — 

1. Patient. — Address, name, sex, age, date of onsets 
date of rash, present and past isolation, probable source 
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of infection, recent contact with infected persons or 
things. 

2. Household {including patient ), — Sex and age of each 
inmate, susceptibility (as shown by history as to previous 
attack), date of previous attack (if any), occupation, place 
of work or school and date of last attendance thereat. 

8. Work or business carried on in the hcnise, 

4. W ater-supphf and milk^supphu 

5. Sanitary condition of the premises and surroundings, 

6. Previous cases of the disease in the house or in the 
vicinit}^ or at the school or work-place. 

In dealing with an outbreak of small-pox further 
enquiry must be made regarding the condition of each 
individual as to vaccination and re -vaccination, noting 
the dates. These should be supplemented by enquiries 
about the appearance in the house of rats (dead or living) 
in cases of plague, and about certain other domestic 
animals, e.g., cows in cases of scarlet fever, and cats, 
fowls, or pigeons in cases of diphtheria. 

Spot maps are maps of a district or town on which 
deaths or cases of various infectious diseases are noted on 
the locality when they occur. They are very important 
to sanitary officers as they give valuable graphic impres- 
sions of ajiy groupings of such deaths or sickness. These 
epidemic spot maps should be employed for a short 
period only, sinee they arc not of much value when they 
cover a period of several months or years. 

3. Quakantise 

In tlie modern acceptanee of the term “ quarantine ” 
means arrest of communication with infected places except 
under certain restrictions. This is especially directed to 
the detention of healthy travellers after their departure 
from an infected place. The period of detention should 
cover at least the longest incubation period of the disease. 
In theory quarantine appears to be a very effective way of 
stopping communicable diseases, but in actual practice 
this has invariably failed. The disadvantages are that 
it imposes restrictions on commerce and causes incon- 
venience to travellers. 
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Quarantine may be (i) inward^ i.e.y when quarantine is 
imposed on a healthy town for its own protection, or 
(ii) ouizvardy when it is imposed on an infected town or 
village for the protection of the surroujiding country. If 
the patient is removed to a hospital, and disinfection of 
the infected house is properly carried oilt, it is not neces- 
sary to keep the family under quarantine. If the case is 
treated privately, the household must be placed under 
quarantine until the last case has eeased to be infectious 
and the final disinfection has been completed. From a 
hygienic point of view the movements of all persons 
exposed to infection should be limited. Hence quaran- 
tine has been conveniently divided into : 

(a) International Quarantine, — This consists in compul- 
sory isolation at the port of all persons coming from an 
infected place, or of persons who hiivc been in contact 
with any ease of infectious disease against winch quaran- 
tine has been imposed. 

(b) Scholastic Quarantine, - Since children are more 
susceptible to infection, it is necessary that due measures 
to check the spread of the disease should be taken. 
Children from an infected house during the ])eriod of 
quarantine should not be permitted to attend the school 
until the last case has ceased to be infectious. Closing 
of schools should be enforced unless tln rc be a clear 
prospect of preventing the spread of the disease. If tlie 
attendance is greatly reduced by absence or exclusion of 
a large number of students it is advisable to close the 
school. (See Medical Inspection of Schools). 

(c) Domestic Quarantine, becomes often neces- 

sary for members of an infected household. In the case 
of smallpox every member of such a house should be 
placed under a strict watch for a period of at least ten 
days after the last contact or until such persons are suc- 
cessfully vaccinated. Quarantine should also be insisted 
upon milkmen [soalas), tailors, etc. All persons, parti- 
cularly children, should be strictly prohibited from enter- 
ing into an infected house. It is also necessary to prevent 
the importation of rags, jute, etc., from infected places 
or ports. 
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Objections to Quarantine , — The objections to quaran- 
tine are as follows : 

1. The infective period in some diseases being much 
longer, the infected persons and the contacts may carry 
infection for a longer period than can well be covered by 
quarantine. 

2. Quarantine very often interferes with food-supplies, 
and may thus cause privation and predisposition to 
disease ; and by interfering with trade it alters prices and 
affords strong temptation for evasion. 

3. The association of the healthy with the sick in a 
place {lazaretto) is not only undesirable, but tends to 
keep the disease alive. 

I. The disease is very often coneealed owing to fear 
of quarantine. 

A modified system of quarantine is therefore of special 
value in India, and consists in ‘‘ making all arrivals 
from an infected district take out passports which bind 
them to present themselves for inspection daily for a 
period of ten days. Suspected persons are detained 
and isolated, and beggars and others, wlio can give no 
address and who cannot be relied on to report tliem- 
selves, are also liable to detention. If a passport-holder 
fails to re[)ort himself he can at once be hunted up and 
dealt with as best as possible.” This system has been 
practised in Madras with much success. 

4. Immunity 

By immunity is meant non-susceptibility of a giv^en 
disease or a given organism either under natural condi- 
tions or under conditions experimer tally produced. 
Jenner in the latter part of the eighteentli century first 
achieved a triumph in the prevention of smallpox by 
means of vaccination, and further progress was made 
in this direction by the researches of Pasteur in hydro- 
phobia and anthrax ; Koch in tubercle ; Loefiler, Behring, 
Roux, and Kitasato in diphtheria, tetanus, and pneu- 
monia ; Haffkine in plague and cholera ; Ross in malaria ; 
emd Wright in enteric. 
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For purposes of description immunity may be classified 
as follows : 

A. Natural ( Permanent. 

f 1. Acquired (from s b. Of moderate duration. 

] disease) (c. Of short duration. 

B. Specific < 

I (a. Active or isopathic. 

( 2. Artificial \b. Passive or piititoxic. 

A. Natural or Innate Immunity. — This form of im- 
munity is possessed by a man or animal either from birth 
or acquired during ^]frowth by virtue of its species, race, or 
individual peculiarities. As instances may be mentioned^ 
the immunity of hens against tetanus, and of ^^oats, sheep, 
and rats against tubercle. Certain races of mankind are 
immune to certain diseases — the negro is said to be im- 
mune to yellow fever (racial immunity). Again, some 
families are more susceptible to certain diseases than 
others. Absolute immunity, either to infection or intoxi- 
cation, is, however, impossible, and even a lien may 
develop tetanus if the dose be large. It seems probable 
that all men possess a certain amount of resistance against 
all micro-organisms, but this power of resistance varies? 
with different individuals. It is a known fact that in 
times of epidemics all who have been exposed to infection 
do not take the disease, and even in those who take it 
some will have severer or even fatal attacks. 

B. Specific Immunity. — This may result either by 
passing through a specific disease, or as a result of arti- 
ficial inoculation. 

1. Acquired Immunity. — It has long been recognised 
that an attack of an infectious disease confers a cer- 
tain amount of immunity on a person from a second 
attack. The degree of immunity,* however, varies, and 
may be : 

(а) Permanent, i.e., very strong, and may last for a 
considerable period, und often for the whole life of the 
individual, as in smallpox. 

(б) Of moderate duration as in measles, diphtheria, etc. 

(c) Of a very short duration as in cholera, influenza, etc. 
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2. Artificial Immunity. — There are two methods of 
artificial specific immunisation : they are known as active 
or isopafhicy and passive or anti-toxic. 

(a) Active or Isopathic Immunity. — This is obtained by 
inoculation (i) with living virulent virus, (ii) with living 
yet attenuated virus, (iii) with dead virus, (iv) with bac- 
terial cellular substances of the same, and (v) with dis- 
solved toxic products of bacteria. 

By repeating these injections in gradually increasing 
doses at suitable intervals a very high degree of immunity 
is ultimately produced against the particular organism 
that has been used for the injections. It is obvious, how- 
ever, that such a method of inoculation can only be 
preventive as it takes a long time to develop. It can never 
be curative as the immunity must be developed before 
the onset of the disease. Once produced, however, it 
affords protection for a long time. 

The term vaccination is applied to all methods of 
protective inoculation, and the attenuated cultures or 
toxins which arc used for this purpose are spoken of as 
vaccines. 

[h) Passive Immunity. — This depends upon the fact 
that if an animal be immunised to a very high degree by, 
the previous method, its serum, when injected into a 
susceptible animal, will confer immunity upon it provided 
that it is introduced at the same time as infection occurs 
or even a short time afterwards. This method, therefore, 
can be applied as a curative agent, but the passive 
immunity thus conveyed onh^ lasts for a short period, 
because in this case there is no active production of “ anti- 
bodies ” in the blood. 

When the scrum of an animal is used in this way for 
the production of passive immunity in another animal it 
is found that its effects differ according to the original 
method of inoculation. If the micro-organisms them- 
selves are used (whether living or dead) the serum i& 
markedly bacteriolytic, but it has little power of neutralis- 
ing toxins : it is therefore said to be anti-microhic. On 
the other hand when filtered toxins are used for the 
original inoculation the serum of the immunised animal 
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has the power of neutralising the toxin, and it is said to 
be anti-toxic. 


5. Disinfection 

Disinfection means destruction of the speeific virus of 
infectious diseases. Disinfectants or i^ermicides are subs- 
tances which destroy pathogenic microbes, /.e., those 
which cause communicable diseases and so prevent them 
from spreading. Disinfectants must not be confounded 
with antiseptics, or substances which stop bacterial growth 
and thus prevent or retard putrefactive changes, i,e,, 
decomposition of vegetable or animal matter. Deodorants 
or deodorisers oxidise products of decomposition and so 
nbsorb or destroy offensive smell. 

Practical disinfection is utilised for : 

1. Destruction of microbes deposited on walls, crevices, 
floors, surfaces, etc., of rooms, furniture, and other domes- 
tic articles ; 

2. The destruction of infcctivity of excreta and other 
discharges ; 

8. Preventing the spread of infection by men ; and 

4. Destroying in situ such microbes as, though patho- 
genic, have also an extra-corporeal or saprophytic exis- 
tence. 

It is not enough to know that a substance is a disin- 
fectant, but the quantity to use and the degree of con- 
centration required are important factors ; it is also 
necessary that the disinfectant must come in direct contact 
with the micro-organisms. Some deodorants destroy 
offensive odours by simply substituting an agreeable or 
some other strong smell without destroying the organisms 
giving rise to putrefactive odours. These are worse than 
useless. 

For practical purposes disinfectants may be classified 
as follows : 

I. Natural. 

11. Physical. 

III. Chemical. 
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L Natural Disinfectants 

Fresh air and sunlight are the natural disinfectants and 
kill most germs. By the process of desiccation all micro- 
organisms arc sooner or later attenuated in their disease- 
producing activities. Typhoid, tubercle, and diphtheria 
bacilli resist drying for a long time, gradually losing their 
vitality. In fact it has been proved that direct sunlight 
will kill typhoid bacilli within one-half to two hours, and 
diffused daylight in about live hours. According to Koch, 
tii])erelc bacilli arc killed by the sunlight in from a few 
minutes to several hours, according to the thickness of 
the mass exposed. Drying on the other hand resists 
multiplication of bacilli, and putting in the sun and air 
of bedding, clothes, and other articles often secures the 
desired degree of dryness, while the oxygen of the air 
exercises a toxic influence on the organisms that may 
have been harboured in those articles. 

Sunlight is a strong germicide and aids disinfection to 
a great extent. Direct solar rays are more powerful 
than diffused daylight. Although a large number of 
micro-organisms, e,g,, of diphtheria, plague, etc., are 
destroyed by the rays of the sun, yet as a disinfectant 
sunlight cannot absolutely be relied upon. The ultra- 
violet rays of the sun have a powerful restraining action 
on the grov/th of bacteria. 

II. Physical Disinfectants 

Physical disinfectants include heat in its various forms 
and may be applied as : 

A, Dry heat : B. Moist heat : 

1. Burning by fire. 1. Boiling. 

2. Hot dry air. 2. Steam. 

A. Dry Heat. 

1. Btirning , — This is the best means of disinfection, and 
should always be employed for articles of small value, e.g.y 
rags in which discharges have been received, pillows, old 
mattresses, etc. The destruction of all these articles is 
usually carried out in a small destructor-furnacc which 



398 


HYGIENE AND PUBLIC HEALTH 


should also form a part of the disinfecting station. If 
carried out in the open air small unburnt particles carry- 
ing infection may be scattered by wind. Cholera and 
enteric excreta should be burnt by mixing them with 
sawdust and kerosene oil to ensure their thorough and 
complete destruction. 

Cheap dwellings like huts that can readily be recons- 
tructed had better be disinfected by fire, especially where 
diseases like plague have occured. 

2. Hot Drif Air . — ‘Formerly this was the principal 
method for disinfecting clothing, bedding, etc. But 
to ensure the destruction of bacteria and spores the 
temperature must be hT^ and the heating prolonged. 
It has little power of penetration, and requires many 
hours for the centre of a mass of bedding to attain the 
required temperature for sterilisation, while soim^ arti- 
cles and fabrics are distinctly injured by the prolonged 
heating. For tliesc reasons disinfection by dry heat 
has been replaced by steam disinfection, which has many 
advantages. The only advantage of this method is that 
leather goods, india-rubber, fur, bound books, etc., arc 
not damaged bv it. 

R. Moist Heat. 

1. Boiling , — Thid is one of the most efficient methods 
of disinfection. Infected articles can be disinfected within 
about 55 minutes by boiling. It takes about 10 minutes 
to kill typhoid bacilli at a temperature of 1 10"^ F. and 5 
minutes for comma bacilli at 126® F. Spores of many 
pathogenic micro-organisms are killed by boiling for 5 
minutes. On the other hand Bacillus anthracis, B. tuber- 
culosis, and streptococci of puerperal fever require boiling 
for a longer time for their destruction. This method is 
very often resorted to for disinfecting beds, linen, etc. 
Clothes stained with blood and feces should first be 
cleaned wath soap and water, and then subjected to boil- 
ing. An addition of 2 per cent, of washing s^a accelerates 
the germicidal power of boiling water. The disadvantages 
of this method are that it is slow, and not suited for 
woolen materials which shrink, and that it fixes albumin- 
ous stains. 
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2, Steam. — This is the most efficient and practical way 
of applying moist heat for purposes of disinfection. It 
enables a higher temperature to be reached without any 
damage to the articles, and has a greater penetrating 
power than dry heat. It will destroy all micro-organisms 
and spores at a temperature of 212° F. in five minutes, 
whereas hot dry air would require a temperature of 250® 
F. for four hours. Steam used may be either current^ 
saturated, or mperheated, and may be used under low and 
high pressure. When steam is generated at the ordinary 
atmospheric pressure and at a temperature of 100® C. 
(212® F.) and allowed to escape, it is called current steam. 
In steam disinfection the term low pressure is used as 
ecjui valent to current steam. When steam is generated 
by boiling wat(‘r in a closed vessel, e.g. in a steam boiler 
or kettle, it accumulates underpressure, and the longer 
the water is boiled the greater will be the pressure. The 
steam so generated is called saturated steam, and is not 
only compressed into a small volume but is of a higher 
temperature. If aU the water in the vessel be converted 
into steam and the [)rocess of heating continued, the 
imprisoned steam is highly raised in temperature, i.e., 
it becomes superheated. This superheated steam has 
properties similar to those of a dry gas, which being a 
bad conductor of heat has no value as a disinfectant. 
Saturated steam readily conveys heat, and condenses to 
ifs original volume as soon as it comes 
in contact with articles slightly cooler than itself, and 
by giving off its latent heat becomes smaller in volume, 
conse(iuently more steam is drawn into the partial 
Vacuum thus produced, and the process is repeated until 
every portion of the article is acted li^on by the steam. 
When disinfection is complete no further condensation 
of the steam occurs. With superheatad steam disinfec- 
tion occurs in the same way as with dry heat. There- 
fore disinfection by saturated steam should always be 
preferred on account of its more rapid and thorough 
penetration. The term “ high-pressure steam ” means 
saturated steam as distinguished from current steam 
generated at atmospheric pressure. Even in high- 
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pressure disinfection a current of steam may -be used, and 
Robertson has experimentally proved that such a current 
is the most certain method of sccurino' absolute j^cnetra* 
tion and disinfection, especially suited for bulky articles* 
The low-pressure disinfectors obtain, the steam from a 
boiler which forms a jacket round the disinfector — the 
water in the jacket beino* treated b}^ a furnace placed 
underneath, while a hi<;h-pressurc one always derives 
its steam from a separate boiler. 

Current steam disinfectors althoui^^h cheap at the outset 
are expensive in the lonijr run because they consume more 
fuel. It should be noted that the hii^her the pressure of 
the steam the more rapid the penetration, and the less 
time retpiired for disinfection. A temperature of 115® to 
120® C, for twenty minutes is trustworthy in all cases. 

Steam Disinfecting Station* — A disinfecting^ station 
should consist of two rooms - one for the infected and the 
other for the disinfected articles. Each room should have 
a separate entrance and be completely separated from 
the other by a wall, into which tlie stove is built, which 
communicates with both the rooms. The infected articles 
should be placed on trays which can be easil}^ introduced 
or removed from the disinfector. The time required for 
disinfection depends on the bulk and the nature of the 
infected articles and the pressure of the steam employed* 
There should be arrangements for ascertaining the 
temperature of the interior of the stove at any time. 

Of the high-pressure disinfectors the better known ones 
SiretheWashington-Lyony the Equifex {Geneste-JIerscher)^ 
and that of Goddard, Massey, and Warner ; while the 
Reek's apparatus and Thresh' s Current Steam Disinfector 
are examples of low-pressure ones. 

1. The Washington- Lyon Disinfector is an elongated 
cylindrical boiler oval in section and with a door at 
each end. The disinfecting chamber is surrounded by a 
jacket, and the steam, usually worked at a pressure of 
10 to 20 lbs. per square inch, is obtained from a separate 
boiler. There is an arrangement for producing a vacuum 
by aspirating air out of the chamber. A current of steam 
is first passed through the chamber, and when disinfec* 
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tion is complete the steam is allowed to escape*, and the 
article s re inoved. It usually takes about nitecii to twenty 
inimite s (dr disinfection. The chief use of the jacket is 
to heal the* chamber before steam is introduced into it, 
ami te) prevent condensation. It also assists in drying 
t he* ehsmfected articles after the ste am is allowed to escape. 


Fig. 86. — The Thresh Steam Disinfector. 

The' elisinfe eting chamber is sufficiently large to admit 
h(‘d(ling, ( tc., and is built into the partition wall between 
two re)e)ms. 

2. The Equifex Disinfector is worked with saturated 
steam at a 10 lbs. pressure at a temperature of 239® F. 
It IS a hmh pressun' machine', tiu' sie'am being derived 
I'rom a s( pa rate boiler. The' ehambe'r e‘e)nsists of united 
st('»'l. and has no jae'ke't. The infeete'd a rt le'le's are* ]>la(*e‘d 
on a \\h(ch (j craellc anel the e'vlinele'r is i'lirmshed with 
se’parate* elexirs lor infee'leel ami elisinlccteel articles. 

20 
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Running through the chamber there is a coil of pipes for 
the steam to circulate which not only prcN cnts condensa- 
tion of steam, but also helps to dry the clothes after 
disinfection. 

3. Thresh's Current Steam Disinfector consists of a 
chamber surrounded by a jacket. In this apparatus 
st(‘am is generated from a saline solution, usually calcium 
chloride, which raises tlie boiling-j)oint of water above 
212® F. without any extra pressiirt‘. Th(' boiler is fed 
with water from a cistern. Although it is a low current 
steam apparatus tlie steam is a])t to })e superlKaxted. The 
time requiied for exposure is about thirty minuiivs. This 
apparatus is siiujile, cheap, and ellicient, and does not 
require a separate l>oiler. It is best suited for use in 
small hospitals and municipalities. 

It should be remembered that some fabrics are damaged 
by heat ,* woolen materials slirink w hen moist heat is 
applied and ac(|inre n distinct yellow tinge when exposed 
to steam at 260® F. for about thirty minutc's. Feathers 
beeonu' yellow or brittle after an exposure of ^‘our hours 
to moist heat at 260® F., silk, cotton, and linen will 
stand a moist heat of 260® F. for half ‘ui hour and dry heat 
of 230® F. for four hours wdth little damage. The 
majorit}^ of substances will stand a temperature of 230® 
F. without much injury. 

III. Chemical Disinfectants 

The exact manner in which the chemical disinfectants 
act has not yet been fully undei stood. The degree of 
ionisation of a solution may possibly have an important 
bearing on its disinfecting elliciency. ik’ielly, they act 
(a) by oxidising the protoplasm of the bacteria ; c.g., the 
halogen compounds, bleaching powaler and potassium 
permanganate liberate nascent oxygen ; {b) by (*oagii- 
lating the protoplasm of the bacteria, the phenols and 
their derivatives ; (c) by ionic coagulation, the metallic 
salts ; and (d) by cmidsoid action and absorption. Admit- 
ting the value of the disinfectants there are certain limita- 
tions. For instance, the presence of electrolytes may 
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lower their value ; oxidising agents give up oxygen so 
rapidly that they soon become inert ; and lastly the 
ne'tallic disinfectants do not penetrate readily. The 
temperature has also some significance. For instance, 
the gerinieida] value of phenol increases 7 to 8 times with 
ev(‘rv 10® C. rise of the temperature. Warm solutions 
arc therefore more useful and should be used. 

Tiie choice of a germicide depends on the nature of 
tlir su})stance to be disinh^eted as also upon the resistance 
of the virus. Thus, perchloride of mercury 1 in 1000 
solution, or carbolic a<‘id 2.5 p.c. solution, will not kill the 
spores of tetanus. Whereas a weak solution of hypochlo- 
rite will st(u-ilise water, a strong solution needed to dis- 
infect: fabri(‘s. The choice of the disinfeetcunt, its strength, 
tlie time of application, tlie temperature of the solution 
and the method of application all rMuiire careful consi- 
deration for each particular class of infection. 

The following arc th(‘ recpiinunc nts of an ellicicnt 
disinfectant : 

1. II must he a powerful germicich^ and rapid in action. 

2. It siionld have a definite einci'^mey for ivartieular 
organisuis in given conditions, and should be T>ermnnently 
homogeneou'^, 

;i. Its chcnnical prop(*rties should be sueli as to render 
it fit for ordinary use and not re ndered inert by ficcal or 
any polluting material, ?.c. it should be stable in the 
presence of organic matter. 

1. It should not have any injurious effects on liuman 
tissues and materials submitted for disinfection. 

5. It shov.ld bo soluble m water or form a uniform 
emulsion in all j^roportions. 

0. It should be fairly cheap, and not ard on metals, cand 
be iKutiier toxic nor caustic. 

7. It should ]\avc a high solvent power for grease. 

Snell an ideal disinfectant is not knoAvn, therefore 
considerable discretion is necessary in the use of the 
known ones. 

In order that the different disinfectants may be used 
with certain amount of ])recision it is essential to have 
some idea of the relative potency of these substances. 
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Therefore a standard method of testing the various disin- 
fectants under precisely similar conditions is of consider- 
able importance. This is dono by comparing witli phenol, 
a method devised by Rideal and Walker. The minimal 
concentration of phenol which will kill certain special 
micro-organism under c(‘rtaiii special conditions in a 
certain length of time is first determined, and then the 
concentration of some unknown disinfectant which wall 
produce the same effect under the same conditions is 
determined. The concentration of the plienol divided 
by the concentration of the upknowai disinfectant gi\'<'s 
a ratio called the Rideal-lV alker or Carbolic Acid Coe- 
jicient of the disinfectaiit tested. 

Martin and C hick (Lister Institute) modified llideal- 
AYalker and recommended an emulsion of fa ces for the 
test. 

The following chemicals are ordinarily used : 

Carbolic Acid Fonder, This is chiefly used as a deo- 
dorant, but is of r|uestionab!(‘ value. 

Quicklime is a most useful disinfectant. A 
1 p.c. solution kills non-sporing bacteria in a few' hours. 
A 3 p.c. solution kills typhoid bacilli in an hour and a 
20 p.c. solution add^‘d to faces disinFeets in an hour. 
It can be used to purify water, to disinfect stools, floors, 
stables, etc. It must be fresh and a good sample should 
not contain any chalk and should not effervesce with 
dilute mineral acids. For disinfection of stools ecpial 
portions should be used and thoroughly mixed with 
a stick and allowed to stand for two hours. The perfunc- 
tory sprinkling of lime over stools is useless. The 
powder absorbs moisture and COg from the air so that 
it must be freshly burnt to be of value. As a disinfectant 
it is used in the form of milk of lime which is prepared in 
the following manner : 1 quart of small pieces of quick 
lime is added to pints of water ; this makes a dry 
hydrate of lime in powder, one pint of this is added to a 
gallon of water and the resulting milk of lime is utilized 
for the disinfection. 

Perchloride of Mercury {Corrosive Sublwiaie), — lt is a 
powerful and cheap germicide. It destroys all forms of 
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microbic life in relatively weak solutions. A solution of 
1 in 1000 kills anthrax, diphtheria, inlanders, typhoid 
bacilli and the vibrios of cholera in ten minutes and if 
the solution is 1 in 500 it destroys spores. There are 
certain drawbacks to its use, vi/., (a) it acts upon metals, 
(b) its germicidal property is neutralised by its coming 
in contact with albuminous subst.ances when it forms an 
insoluble albuminate of mercury, it is not a good disin- 
fectant for linens. 

It is highly poisonous, and as it forms a colourless and 
odourless solution it is usually coloured with some harm- 
less aniline dye to avoid accidental poisoning. In the 
form of tablets the}^ are commonly sold as “ soloids ” or 
“ solubes,” and one tablet in a pint of water forms a 
lotion of the strength of I in 1000. 

The addition of acids or salts (hydrochloric or tartaric, 
sodium or ammonium chloride) prevents or reduces the 
formation of insoluble compounds and increases its solu- 
bility. The following solution of corrosive sublimate is 
recommended for disinfecting purposes : Half an ounce of 
perehloridc of mercury, 1 o/.. of hydrochloric acid, and 
1 gr. of aniline blue, to 3 gallons of water form an efficient 
lotion which costs only a few annas. 

Mercury Iodide is less poisonous, and docs not precipi- 
tate albumin. Although it is not soluble in water it is 
dissolved in excess of potassium iodide and sold under the 
name of mercuric potassium iodide. It can be incorpora- 
ted with soap. A solution of 1 in 1000 is ordinarily used 
for disinfection. 

The Coal-tar Disinfectants. — ^These chiefly consist of 
(a) hydrocarbons and inert oils and bases ; (b) phenols 
and phenol like bodies, en\sols and similar products ; 
and (c) emulsifying agents such as soap, resins, albuminoid 
bodies and water. The real germicidal agents in the 
different coal-tar preparations are chiefly the phenols, 
cresols ami their higher homologues. Soaps and resins 
are usually employed to lielp emulsification, but these 
are easily acted upon by such eletrolytes as sodium 
chloride, calcium salts and organic matter. These disin- 
fectants are therefore useless for urinals and for use 
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on board ship. Besides carbolie acid many coal tar 
preparations are on the market and are of much value. 
They are mostly of a dark brown colour, form a milky 
emulsion with water, and have the advanta^'e over car- 
bolic acid in beiiit^ practically iion-poisonous and cheaper. 
They are : 

(/) Carbolic Acid or Phenol , — Phenol is crude carbolic 
acid and is obtained from distillation of tar. It is very 
slightly affected by albuminoids, and is generally stable in 
the presence of organic matter at ordinarv^ temj)eratures. 
It is poisonous and caustic. A 2 per cent, solution will 
kill ordinary sporeless bacilli in fron> a few minutes to ten 
hours, while it is practically useless for spore -bearing 
organisms. The disiidecting power of eart^olie^ acid is 
greatly increased by the addition up to saturation of 
common salt or ludroehloric acid. Its chief value is as 
a standard, as its disinfecting power is eomparati\ el}^ 
low. !t IS cheap and does not affect metals, but has a 
caustic effect on the hands so that it must be applied with 
a mop or a spray. It is well adapted for mopping doors, 
side walls ard ceilings. As a disinfectant its working 
strength should be 1 in 20. 

{ii) Phenifl . — It is a very popular disinfectant and is 
twice as powerful as carbolic acid and has the advantage 
of being cheap. 

{Hi) Jzah ~ \t is an exceptionally ]>owerful germicide 
for bacilli of the coli-ty])hoid group. A solution of 1 in ."00 
completely disinfects typhoid stools in fifteen minutes, 
and 1 in GOO renders tvphoid urine ase ptic in fiv^' minutes 
(Klien). 

{iv) Cyllin is seventeen times more ])owcrful than 
carbolic acid, and is cheap and elTicient ; useful for 
disinfecting privies and drains in the strength of 1 in 

150. 

• {v) Hycol is also a coal tar derivative and has a plea- 
sant smell. As a disinfectant it is similar to cyllin and is 
about twenty times stronger than carbolic acid. It forms 
a dark brown solution with water. 

{vi) Creolin . — It is an emulsified cresol in a solution 
of hard soap and is about ten times less weak than 
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phenol as a disinfectant. Albumin makes it somewhat 
inert. 

{vii) Lfjsol is a dark-coloured liquid and a solution of 
cresol (50 per cent.) in neutral potash soap. It is soluble 
in water, and a 2 per cent, solution destroys ordinary 
bacteria in an hour. It is more effective than creolin 
and not readily acted upon by albuminous fluids. The 
workiiif^ strength of the solution should be 1 in 25, 

{viii) --This is an odourless non-irritating 

powder, and a solution of 1 in 1200 forms an efflcient 
germicide'. 

Potas\sinni Permanganate. - It acts as a ])owerful 
germicide wlu'ii in strongly acid or alkaline solution, but 
it stains fabrics brown. It is generally used as a powerful 
disinfectant in 5 per cent, solution, but in less than a half 
per ce nt, solution it acts only as a deodorant. It is expen- 
sive and very soon becomes inert. 

Soap, - -Voinmon soap is one of the most widely used 
disinfectants and affects most of the disease germs. The 
germs are actually killed by the alkali of common soap 
and by washing away thf' grease they are exposed to 
th(* action of other powerful disinfectants. Soaps arc 
incompatible with most disinfectant substances, but not 
with all. 

Sulphurous icid. This is used as a gaseous disinfectant 
and is usually obtained by burning sulphur. It is very 
poisonous to mammalian and insect life, and its action 
as a germicide depends upon the ])rescnee of moisture 
as th<^ dry gas is practically inert. It is especially valu- 
able for disinfecting ships, cars, graneries, stables, out- 
houses and places infested Avith vermins. It bleaches 
all colouring matters of vegetable origin and many aniline 
dyes, attacks all nudals and acts on cotton and linen 
fabrics. All th(‘ openings of the room should be com- 
pletely closed and about a pound of sulphur broken and 
moistened with nudhylated spirit should be allowed to 
burn in a vessel. The room should be kept closed for a 
few hours. One pound of sulphur when burnt gives off 
1.12 per cent, of SOg for 1000 cubic ft. of space, and three 
pounds of sulphur arc usually required for disinfecting 
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the same area. For fumigation sulphur is used in tlie 
following w ays ; 

1. The Pot Method. -This is the easiest and eluaipest, 
and IS done by [lutting powah nal sul[)hur in large iron 
pots ])laet'd in ;i tub of water, 'fins watcu* I'urmslies th(‘ 
moisture iu ch ssary to hydrate the SOg. The sulphur is 
soaked with aleohol and if arranged wnth a hollow' in the 
centre in the form of a lake it burns ipiile wi ll. Sulphur 
candles are available and may also be used. 


blG. ^5 7. — ULA.YTON DlSINFECTOK 

Showing room undergoing disinfection. 

2. Liquid Sulphur Dioiride, -This is rather e\|)ensi\e 
but the gas is liberated rapidly. It has the further 
advantage of av'oKling aeeideutal lire. 

3. The (Haffton Disi ufcctm . 'The prmeiple underlying 
this method is the generation ol’ speeial eonibinat ions 
of oxygen and sulphur, 'fins is don<‘ by burniin^ sulphur 
in an iron giUK rator. and th<‘ maehine abstraeK I Ik ;nr 
from th(* room to be disinfeeted b\' t lu* use of a Ian and 
passes it over burning suljihur. Tie' resulting produets 
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of combustion are air cooled by passing through a kind 
of radiator before reaching the fan. These are then 
driven through a hose -pipe into the room to be dis- 
infected, from which by means of a return pipe the 
air passes back from the room to the generator {See 
Fig. 88). The gas contains over sixty times the quantity 
of SOg (sulphuric anhydride) than that formed by burn- 
ing sul})hur in the open air. 

Clayton apparatus is the most effective method of 
disinfection and can be adopted without interference 
with, or removal from, an infected room of its usual 
contents. It has great penetrating power and is fatal 


Room uNoe^cofNG Disinfec tion 


/T CMalftrtftme 
ffooM 
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/Iptitrumt POP Tt.4Tinc Cps 
CoprpoL ypi.re. 
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Fig. 88. — Section of a Clayton Disinfector. 

to all pathogenic organisms witli the exception of the 
spores of anthrax. This system can be used effectively 
for the destruction of rats, bugs, lice and other vermins 
and their eggs. 

Chlorine. -It is an irritant and heavy gas, and the dis- 
infectant and deodorant properties de])pnd on its affinity 
for hydrogen. Therefore it is essential that a certain 
amount of moisture should be present. As compared 
with SO 2 its bleaching properties are more marked. 
Chlorogen is a hypochlorite fixed in an alkaline solution. 
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but is weaker in available chlorine. Chloros was used 
by Houston for sterilising water, but to be of any use 
it must have 12 to l i p.e. of available chlorine. In India 
it is not sufficiently stable to be of any practical use. 
Hutcloison recently introduced “ Electrolytic Chlorogen ’’ 
which has a greater stability under Ijidian conditions, and 
the available chlorine is low 2| to 3 p.e. It is produced 
by electrolysis of brine and k(*eping the temperature 
uniformly low to prevent evolution of chlorine gas. 

Chlorine is usually used in the form of chloride of 
lime^ which should contain about 85 per cent, of avail- 
able chlorine. It is also used as hypochlorite of soda 
(Chloros). The chloride of lime is an unstable compound. 
For disinfecting purjmses elilorine must always be used 
in excess. About eight ounces of the powder with three 
pints of water are required for a room JO ft. scpiare. 
Bleaching powder does not damage articles to any great 
extent. Where the amount of organic nudter is small, 
and the objects are not likely to be injund, the hy]) 0 - 
chlorites are among the best of known disinfectants 
w'hen used fresh. 

Formaldehyde, This is used as a gaseous rlisinfectant, 
the gas being liberated from tablets by heating in some 
special form of lamp, and it has largely replaced sulphur 
of recent years. It may be readily generat(*d by pouring 
formalin on permanganate of potash. The* proportion of 
the two substances which gives the l)est results and the 
driest residue, is two parts of formalin to one part of 
^permanganate. The method is effective, simple, rapid, 
and by virtue of the iucx[)cnsi \ c ap|)aratus required 
preferable to the older and more cumbersome methods. 
For a space of 2000 cubic ft. 10 oa. of the permanganate 
and one pint of formalin are required, the reagents being 
mixed or added the one to the other in an ordinary galva- 
nised iron pail. The crystals, which are licttcr crushed, 
are put in first, and then the formalin is poured on them. 
There is time for the operator to withdraws and the 
period of disinfection should be six hours. Heat and 
moisture are essential for efficient disinfection. From 60 
to 70® is a prof)er temperature, while it is well to 
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render the air of the room moist in a dry country. For 
purposes of fumigation it has the advantage over sulphur- 
ous acid and chlorine in having lower density which gives 
it greater diffusibility and ready power of penetration. 
It is harmless to most colours and most surfaces. It is 
not an insecticide and is useless as an antiplague measure. 

General Preventive Measures against EeinEMic 
Diseases 

Since the nature and mode of propagation of the 
epidemic diseases differ from one another, it follows 
that the measures ajipropriate for their preventior must 
necessarily vary. It is therefore not possible to lay 
down any deiinitc and formulated rules that will help 
the student to cope with all the diseases. Thus, malaria^ 
which is carried by moscpiitoes, will require measures 
quite different from those necessary for diseases like 
cholera or enteric fever, where the infection is disse- 
minated mainly by the intestinal discharges of the patient. 
Moreov(‘r, the same disease, may at different times, be 
propagated by different routes. For instance, diphtheria 
may at one time be sjiread by personal contact and at 
another time by the distribution of the infected milk. 
To b<^ effective, the preventive measures must therefore 
be based on a knowledge of the etiology of the disease 
against which such steps arc required and its different 
modes of transmission. Certain general principles which 
will apply practically to all infectious diseases may be 
discussed. 

In every ease of an epidemic it is of primary import- 
ance to obtain information of the first eases of the disease. 
This will enable the sanitary officers to take effective 
measures against the spread of the epidemic. It is 
rarely that in an outbreak of an infectious disease the 
early cases are promptly recognised. In some instances 
through wilful suppression, more often through want 
of familiarity of the diseases, that these cases pass un- 
recognised. The possibility of the presence of carriers 
in the affected area should not be lost sight of. These 



412 HYGIENE AND PUBLIC HEALTH 

carriers should be detected and suitable steps taken 
against them. Particular attention should be paid to the 
poorer classes living in the bustees under the most insani- 
tary conditions. Common lodging houses require careful 
watching in view of the liability of the people who fre- 
quent these houses to contract and carry about infectious 
■diseases. 

Every care should be taken to localise the inh etion 
by preventing unnecessary association of the sick with 
the healthy. In the event of an infectious disease oeeur- 
ing in a private house, the patient should whenever 
possible be removed to some safer quarb r. Those persons 
who came into direct contact with the ])atient should 
be kept under observation till the period of incubation 
is over. 

Overcrowding should be prevented, and ample ventila- 
tion enforced in the sickroom. Hefuse should not be 
allowed to accumulate and the articles requiring disin- 
fection should be done with all possible haste. 

The effect of sunlight and fresh air should not be 
forgotten. Special care should be taken witli regard to 
the excreta and other discharges from the sick. The 
discharges of the nose and throat of diphtheria, measles, 
etc., should be treated as infective. The bedding, cloth- 
ing and other articles which were used by the patient 
should be similarly dealt with. It is desirable, if not 
essential, that all these soiled articles should be des- 
troyed by fire, or else they should be subjected to a 
thorough disinfection. The stools of cholera and enteric 
patient should be first disinfected and then disposed of 
as safely as possible, bearing in mind that on no account 
should they run or soak into any sources of domestic 
water. 

Always examine the water-supply. The well or the 
tank may be polluted by animal refuse, leakage from 
katcha drains and foul ditches, and washings of infected 
clothes. Under no circumstances should this water 
be used for drinking purposes. If however the only source 
of water-supply is not above suspicion, careful instruc- 
tion should be given to boil the water before drinking. 
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Ordinary domestic filters should not be relied upon. 
Arrangement should be made to disinfect the water by 
suitable means. The use of bleaching powder for this 
purpose should not be lost si^ht of. 

If however the infection is traced to the milk -supply, 
the cleanliness of the cans, the purity of the water used 
in them, the health of the persons en^a^ed in the dairies, 
the conditions of the dairies, the way the milk is stored 
and carried recpiire a thorou^ifh investi^tation. In every 
ease insist on boilincj the milk before use. 

Tu any campaign against infectious disease success 
depends largely on the eo-operation of the people. It 
is therefore necessary that they should be aecpiaintcd 
with the precautionary measures which they can adopt 
against the epidemic which threatens and what vigilance 
is necessary with regard to its early symptoms. Printed 
handbills, placards, po])uIar lectures with magic -lantern 
demonstrations, and in certain eases house to house 
visitation by competent and discreet persons may help 
in qiiietiiur unnecessary alarm and assisting the ignorant 
masses to do what is needful for their own safety. 

Practical Methods of Disixff.ction 

The chief point to be aimed at is the efficienc}^ of the 
disinfectants used and to sec that there is nothing to 
disturb their eflicient working. Since success depends 
upon attending to the minute details, no part of the 
work should be left to inexperienced persons. The 
presence of albuminous matters, the nature of the 
materials to be disinfected, the character of the water 
used for the dilution of the disinfectant fluid, the strength 
of the solutions, and the mode of application all require 
careful attention. Hard water interferes with the pro- 
perty of the disinfectants, therefore soft water should 
always be used. Disinfectants again act better at a high 
temperature and are powerful when in a state of emulsion 
than when in solution. 

Practical disinfection includes disinfection of the sick 
room, inhabited rooms, persons, clothing, effete mate- 
rials, dead bodies, bathrooms, etc. And since the infec- 
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tive orijanisms cannot be seen or located, it is necessary 
to apply the disinfecting a^ent to every inch of the 
surface of the room and all its contents so that the 
possibility of escaping the particular spot will be nil. 

The methods employed for disinfecting a room will 
vary with the nature of the infection. Thus in the ease 
of plague our efforts should be directed against rats, mice, 
fleas and the distinfeetion of the plague bacillus ; in case 
of cholera or typhoid fever attention sliould be paid to 
the urine, fjcces and articles soiled by them. Eor all 
practical purposes fumigation with formaldehyrk^ or 
by means of a Clayton Disinfector answers well. Com- 
mon articles, such as, beddings, carpets, rugs, etc., which 
are liable to be infected should be treated separately. 

It is a good plan to boil infected clothes for about half 
an hour, but to boil them special arrangements must ])e 
made by municipalities not equipped with a steam dis- 
infector. Where a steam disinfector is available all 
infected articles should be removed in gunny })ags. 

Ordinary Indian huts cannot lx* satisfactorily 
fumigated on account of their def(*etive construction 
and of the space left between the walls and tlu^ roofs, 
as well as for the imperfectly fitting doors and windows. 
Fumigation is a failure unless the room is a briek-Vmilt 
one with tight-fitting doors and windows. 

In proceeding to disinfect a room the floor should 
receive attention first, as the germs, the fleas, and other 
infected materials, e,g., the vomited matter and stools of 
cholera patients, lie on the floor. Even in smallpox eases 
the infected particles of skin which are carried about by 
the air and deposited on the walls and ceilings, gradually 
settle on the floor. Moreover, the poorer classes in India 
usually lie on the floor, which they infect. The walls, 
if necessary, may be disinfected up to a man’s height. 
The floor should be thoroughly washed with acid solution 
of perchloride of mercury 1 in 1000. After the disinfec- 
tion of the room the privy and drain should receive 
attention. The platform {i,e, the seat arrangement) of 
the privy and the floor of the collecting chamber should 
be scrubbed and washed with some antiseptic lotion, 
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e.g, cyllin or chloride of lime, and the privy pan removed 
and destroyed and replaced by a new one. The cesspit 
should be cleaned and disinfected and the walls lime- 



Fig. S9. — Tuk Equifex Spray-disinfector. 

washed. The privy requires to be disinfected in cases of 
cholera, typhoid, and dysentery. The house-drain, if 
any such ( xist, should also be cleaned and disinfected 
with^cvlhn or eliloride of lime solution. 
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Finally a search should be made for any infected 
articles, e.g. rags, etc., that may have been thrown in the 
garden or compound, and also for any accumulation of 
filth, e.g, dung, etc., which should be removed and burnt. 

1. Spraying.— If projX‘r apparatus caiinot be had a 
disinfecting inspector with two men should go with a cart 
containing gunny bags, an Piquifex sprayer and dis- 
infectants, and engage themselves as follows ; 

1. The bedding, clothes, towels, etc., should be packed 
in the bags in a previously disinfected place, sealed, and 
sent to the disinfecting station for disinfection by steam. 

2. P'ill the disinfector, and spray with the disinfectant 
the walls, floors, ceiling, crevices and corners ; in fact 
all receptacles for dirt shoidd h(‘ thoroughly attended 
to. Walls should be scraped before s])raying. A practical 
point is to spray the walls from below upwards to prevent 
the solution running down the wall and producing dis- 
coloration. 

3. Pictures and ornaments should be wiped with clean 
muslin moistened with disinfectant solution. They may 
be sprayed and subsec]uently wiped dry. 

4. Boots, leatliergoods, fur, silk, brushes etc., are 
treated with formalin vapour or sprayed with perchloride 
of mercury lotion. Books of little value should be burnt 
or else treated with formalin vapour. 

5. Bathroom, spittoons, water-closets, cups and dishes, 
etc., used by the patient should also be disinfected. 

6. Drains should be cleaned thoroughly and treated 
with a 5 per cent, solution of crude carbolic acid and all 
damp places should be sprinkled over with Calvert’s 
carbolic acid powder. 

7. Disinfectors should repeat the process over again 
and then wash themselves. 

The disadvantage of this method is the discomfort ex- 
perienced by the disinfectors in thoroughly carrying out 
the work. Disinfectors should wear either cotton or 
water-proof (Mackintosh) coat whilst at work. Solutions 
of mercuric chloride 1 in 1000, chinosol 1 in 1200, for- 
malin 1 in 40, carbolic acid, and lysol are eOicient for 
spraying. 



RESTRAINT OF INFECTION 41T 

The best time to disinfect a room is when the patient is 
dead or convalescent. 

2. Fumigation. — This is an important method of 
disinfecting rooms, holds of ships, graneries, out houses, 
railway carriages, etc., and have a very wide range of 
application. Formalin and sulphur are chiefly used for 
fumigation. The room should be properly prepared by 
closing the doors and windows and it should not be opened 
until after about fourteen hours. And in all cases 
cultures of test organisms should be exposed in the room 
as controls. The method of usimx formalin has alread}’ 
been described. The sulphur is best used nowadays as 
Clayton Disinfector. 

3. Washing. — The walls, ceilings, etc., may be washed 
with a solution of corrosive sublimate (1 in 5000), chloride 
of lime (1 in 100), or hypochlorite of lime (1 per cent.). 

When a case of infectious disease occurs, in the absence 
of a competent medical adviser, the following simple 
rules should be observed*^* : — 

1 . Whenever a steam disinfector is available, all articles 
of bedding, carpets, hangings, etc., which are not likely to 
be injured by steam should be sent to the disinfecting 
station. 

2. When a steam disinfector is not available, cotton 
and linen articles should be boiled for half an hour. 
Blankets and other woollen articles and coir fibre should 
be soaked for two hours in Izal solution. Cloth articles 
should be sprayed with a 5 per cent, solution of pure 
carbolic acid in water and exposed to the sun for three or 
four days. Leather articles should be sponged with 1 
per cent, formalin solution. 

3. Feeding and cooking utensils should be boiled for 
fifteen minutes. Immersion in a 20 per cent, hot solution 
of washing soda sufTices, however, for most infectious 
diseases, but it will not serve in cases of infection by the 
tubercle bacillus. Table knivqs, mounted forks, and 
similar articles which arc damaged by high temperatures 
should be soaked for two hours in a 1 per cent, solution of 
formalin. 

♦ Lukls and Blaokham, Tropical Hygiene, 


27 
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4. The walls of the rooms occupied by the patient 
should be scraped and re -lime washed. 

5. Furniture, floors, and woodwork should be scrubbed 
with hot water and soap. 

6. Earthen floors should be saturated with a disinfec- 
tant preparation, either a solution of mercuric chloride, 
1 part in 1000 of water, or kerosene emulsion with cyanide 
will serve. 

7. The woodwork of the latrine used by the patient 
should be scrubbed with mercuric chloride solution and 
the floor saturated with the same solution. 

Disinfection of Excreta and Discharges , — The excreta 
of certain diseases contain organisms of the disease, and if 
not properly disinfected or disposed of will be a source of 
further infection. Thus, the stools and urine of enteric, 
the sputum of phthisis, pneumonia and pneumonic plague, 
discharges from the nose and throat of diphtheria and 
measles, and the vonatted matter and stool of cholera 
patient, all require to be carefully disinfected. Carbolic 
acid 10 p.c., izal 5 p.c., cyllin 1 in 100, or chloride of 
lime may be used with advantage. But these require 
contact for 1 to »3 hours. All discharges from the mouth, 
throat, lungs and nose should be carefully disinfected, and 
infected rags, etc., burnt. The infected stool should be 
treated with good chloride of lime. For typhoid bacilli 
1 p.c. solution of formaldehyde is quite effective. 


CALCUTTA MUNICIPAL ACT, 1923 
Restraint of Infection 

See. 435.— Every medical practitioner who. In the course of his 
practice, becoijies cognisant of the existence of any dangerous disease in 
any private or public dwelling-house, other than a public hospital, shall 
give Information of the same with the least practicable delay to the Health 
Officer in such form and with such details as the Health Officer may, 
from time to time, requiro. 

Sec, 436. — The Health Officer, or any other municipal officer autho- 
rized by him in this behalf, may, at any time by day or by night, without 
notice, or after giving such notice of his intention as may," in the circums- 
tances, appear to him to be reasonable, inspect any place in which any 
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dangrerous disease Is reputed or suspected to exsist, and take such measures 
as he may think fit to prevent the spread of the said disease beyond such 
place. 

Sec, 437. — (1) If It appears to the Health Officer that the water in any 
well, tank or other place is likely, if used for the purpose of drinking or for 
any other domestic purpose, to engender or cause the spread of any 
dangerous disease, ho may, by public notice, prohibit the removal or use 
of the said water for such purpose, 

(2) No person shall remove or use for such purpose any water in 
respect of which any such public notice has been issued. 

Sec. 439. — (1) If the Health Officer, or any municipal officer autho- 
rized by him in this behalf, is of opinion that the cleansing or disinfecting 
of any building or any part of a building, or of any article therein which 
is likely to retain infection, or of any tank, pool or well adjacent to a 
building, would tend to prevent or check the spread of any dangerous 
disease, he may cleanse or disinfect such building, part, article, tank, pool 
or well and may, by WTitten notice, require the occupier of such building 
or any part thereof to vacate the same for such time as may be pres- 
cribed in such notice. 

Sec. 440. —(1) If the Health Oflicor is of opinion that the destruction 
of any hut or shed is necessary to prevent the spread of any dangerous 
disease, he may, after giving to the owner or occupier of such hut or shed 
such previous notice of his intention as may in the circumstances of the 
case appear to him reasonable, take measures for having such hut or shed 
all the materials thereof destroyed, 

(2) Compensation not exceeding the value of the hut shall be paid 
by the Corporation to any person who sustains loss by the destruction of 
any such hut or shed. 

Sec. 441. — No person shall let a building or any part of a building in 
which ho knows or has reason to know that a person has been suffering 
from a dangerous dlsep.se, — 

(а) unless the Health Officer has disinfected the same and has 
granted a certificate to that effect, and 

(б) until a date specified in such certificate as that on which the 
building or part may be occupied without causing risk of infection. 

Sec. 442. — (i) The Corporation may provide a place or places, with 
all necessary apparatus and establishment, for the disinfection of con- 
veyances, clothing, bedding or other articles which have become infected ; 
and when any articles have been brought to any such place for disinfec- 
tion, may cause them to be disinfected either, — 

(а) free of charge ; or, 

(б) In their discretion, on payment of such fees as they may from 
time to time fix in this behalf. 

(3) The Health Officer, or any person authorized by him in this 
behalf, may disinfect or destroy, or, by written notice, direct the disinfec- 
tion or destruction of any clothing, bedding or other articles likely to retain 
infection. 

Sec. 443, — (1) No person shall, without previous disinfection of the 
same, give, lend, sell, transmit, or otherwise dispose of any article which 
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he knows op has reason to know has been exposed to infection from any 
dangerous disease. 

Sec, 444, — (1) No person who is suffering from a dangerous disease 
shall enter, or cause or permit himself to be carried in, a public conveyance, 
nor shall any other person knowingly cause op permit a peison in his charge 
and suffering from a dangerous disease or the dead-body of any person 
who has died from such disease to be carried in a public conveyance 
without — 

(а) previously notifying to the owner, driver, or person in charge of 
such conveyance that ho is so suffering, and 

(б) taking proper precautions against spreading such disease. 

Sec. 445. — (1) The o^vner, driver or person in charge of any public 

conveyance in which any person suffering from a dangerous disease or 
the dead-body of any person who has died from such disease has been 
carried shall immediately take the conveyance for disinfection to a place 
appointed under section 442. sub -section (11. 

(2) The person in charge of such place shall forthwith intimate to 
the Health Officer the number of the conveyance and proceed to disin- 
fect the conveyance. 

(3) No such conveyance shall be used until the Health Officer has 
granted a certificate stating that it may be used without causing risk of 
infection. 

Sec. 446. — (1) The Corporation may provide and maintain suitable 
conveyances for the free carriage of persons suffering from any dangerous 
disease or of the dead-bodies of persons who have died from any such 
disease. 



CHAPTER XX 


PREVENTABLE DISEASES 

Malaria 

Malaria is a specific infectious disease caused by a sporo- 
zoon parasite and carried from man to man by the agency 
of certain species of mosquito. In man they inhabit the 
red blood-corpuscles, giving rise to pyrexia, exhibiting a 
characteristic periodicity, accompanied by anjemia and 
enlargement of the spleen. 

The ‘‘ malarial theorem ” as Sir Ronald Ross calls it, 
may be stated as follows : Malaria in man is due to a 
minute parasite (protozoon) which lives and multiplies in 
the blood passing its trophic phase within the red blood- 
corpuscles. The parasites are introduced into men only 
by the bites of mosquitoes of the sub -family Anophelince 
of the Ciilicidce, which have themselves become infected 
by sucking the blood of infeeted persons containing the 
gametes of the malarial parasite. 

Geographical Distribution. -Malaria is a widespread 
disease. Broadly speaking it occurs with increasing 
frequency and intensity as the Equator is approached, and 
is more prevalent in tropical and sub-tropical countries 
than in those situated in the temperate zone. It is on the 
decrease in Europe, and its endemic areas are limited. In 
Asia it has a much more extensive distribution than in 
Europe. During the war of 1 91 4 to 191 S, malaria was a 
serious factor in Macedonia, Palestine, Mesopotamia and 
East x\frica. It is found with varying degrees of fre- 
quency and intensity throughout India, Indo-China, 
Southern China, Burmah, Ceylon, the Malay Peninsula, 
etc. It is more prevalent in Lower Bengal and Assam 
than in other parts of India. In tropical Africa malaria 
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is at its worst from, and the West Coast of Africa is 
known to be the most malarious region in the whole 
world. Although Malaria is endemic in tropical and 
subtropical areas, it is possible that under the stimulus 
of wide movements of those infected, it may spread into 
temperate and even to sub-arctic regions, where normally 
it does not occur. Australia and Japan enjoy compara- 
tive immunity from this disease. 

Race incidence and acquired immunity* — The question 
whether immunity is possible may be answered in the 
words of Manson as “ yes ” and no.” It is often asserted 
that one attack gives immunity, but this is not always 
so, as relapses very often occur. Occasionally, however, 
one severe attack, or repeated attacks, give a certain 
amount of protection to an individual for the rest of his 
life. On the other hand it is very common to find old 
inhabitants of malarial districts enjoying the best of 
health and perfect immunity. New-comers to India are 
more susceptible to attacks of malaria than old residents. 
Some races and certain individuals are, however, less 
susceptible of malarial influences than other^^, but very 
few are absolutely immune. The Chinese, the Malays, 
and some other dark-skinned races also appear to enjoy a 
comparative immunity — an immunity considerably less 
pronounced, however, than that enjoyed by the African 
and West Indian Negro. Koch has shown with a certain 
amount of precision that the apparent immunity of the 
Negroes, Melanesians, and other dark-skinned races is due 
to repeated and persistent infection in childhood. He 
observes that the proportion of infected children becomes 
less with each additional year until adult life when the 
person becomes free of the parasite and immunity is 
established. 

etiology. — Factors \vhich predispose to malaria are the 
conditions which favour the growth and spread of the ano- 
pheline mosquito. 

1. Season and Temperature , — The chief meteorological 
factor affecting the incidence of malaria and determining 
its epidemiology is rainfall. Mosquitoes require a com- 
paratively high atmospheric temperature to develop : 



PRBV3SNTABI,E DISEASES ; 428 

also a certain temperature is required to ensure infection 
from the full development of the protozoal infective 
organism within the mosquito. Consequently malaria 
abounds chiefly in warmer latitudes. Malaria is to some 
extent a seasonal disease. In temperate climates it is 
prevalent during summer. In India, the period of maxi- 
mum intensity is from October to December ; it is next 
most common during the rains lasting from the middle 
of June to early October : it is less prevalent during the 
dry first half of the year. It has been ascertained that 
the mean temperature of about 60° F. for sixteen days is 
necessary to allow the establishment of malaria infection. 

2. Local Conditions . — Malaria is for the most part a 
rural disease, and towns are much less malarious than 
villages. Calcutta, for instance, is comparatively freer 
from malaria than its surrounding area. Malaria tends to 
follow the distribution of heavy rainfall. Intermittent 
and moderate rainfall — provided there is sufficient water 
collected for oviposition — is more favourable for the 
breeding of mosquitoes. In places where the mosquitoes 
abound the whole year round and the temperature is 
favourable for their growth ; rain -fall helps rapid disse- 
mination of the infection by extending the area over 
which breeding of mosquitoes takes place. Roughly it 
may be stated that malaria is more prevalent in India 
during and after the period of heavy monsoon rains, 
particularly in places and localities \\;here the drainage is 
inefficient or in any way obstructed. In places where 
malaria is endemic, i.e., where the winter conditions 
prevent infection all the year round, it has been found 
that different types of infection occur according to the 
relation of the temperature to the sexual development 
of the different varieties of parasites. Thus, it has been 
found that the commencement of the plasmodium vivax 
infection proceeds the falcipanm by at least a month. 

3. Soil . — There is no evidence to show that malaria 
is in any way related to the mineral constituents of the 
soil. Soil only plays an indirect part in the aetiology of 
malaria by affording facilities for collection of water 
whereon mosquitoes can breed. Loose, porous, sandy. 
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alluviaLsoils, deep loamy marshy lands, with a substratum 
of cla}’' affording capacity for the retention of water, and 
level countries presenting physical obstacles to under* 
ground drainage, are most favourable during a moderately 
high range of temperature, to the development of malaria 
(Hehir). 

4. Marshes, Tanks, etc, — Water being essential for the 
breeding of mosquitoes, inhabited areas close to swamps, 
marshes, jheels, ponds, excavations {dohas), paddy-fields, 
etc,, are as a rule malarious. Ravines are always un- 
healthy especially when covered with trees and plants. 
Villages adjoining irrigation canals and ditches are equally 
responsible for the propagation of anophelines. Canals 
and ditches not only breed mosquitoes but make the sur- 
rounding area sodden and damp. 

5. Rice and Jute Cultivation, — A rice-ficld may be 
regarded as a t\7pe of swamp or marsh. In India without 
adequate subsoil drainage rice cultivation is injurious to 
the health of the cultivators. In certain districts of 
Bengal, where the cultivation of jute is carried on, faeili- 
ties for the breeding of mosquitoes arc afforded during the 
process of wetting of the stalks in pools and* ponds of 
stagnant water. In fact these factors contribute largely 
to the high prevalence of malaria in Bengal. In endemic 
areas it might be justifiable to condemn their cultivation, 
but in a place where millions depend on rice crops for their 
very existence, a rigid attitude towards rice cultivation 
cannot be adopted But, whenever possible, rice cultiva- 
tion should be prohibited in the vicinity of densely popu- 
lated places. 

6. Railways in relation to Malaria,— There is a good 
deal of truth in the belief that the construction of rail- 
ways in India has helped to maintain and disseminate 
malaria, and some districts previously healthy have been 
made badly malarious by railway works. These act in 
two ways ; (i) By the formation of burrow pits, which 
when converted into stagnant pools and marshes become 
breeding-places for mosquitoes, and (ii) by embankments, 
which cause obstruction to natural drainage. {See 
Soil p. 108). 
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7. Predisposing Causes , — Anything which lowers the 
natural resisting power — deficient food, excessive labour, 
chills produced by sudden fall of temperature, occupation 
of dark and insanitary houses which usually harbour 
mosquitoes, trying damp heat, etc. — predisposes one to 
attacks of malaria. 

The Parasite. — The cause of malaria is a sporozoon 
parasite, of which there are three species which produce 
human malaria. These different species have been 
classified according to (i) the duration of their respective 
life cycles inside the human body ; (ii) their morphological 
characters ; (iii)thc clinical phenomena they give rise to ; 
and (iv) the results of inoculation experiments. 

The different parasites, and the diseases tliey give rise 
to, may be broadly rlivided into two groups — the benign 
and the 7nalignant. Morphologically these are distin- 
guished by the fact that the benign parasites never form 
crescent bodies, the malignant parasites, or at least the 
subtertian, form crescents. Clinically benign parasites 
rarely give rise to pernicious attacks, whereas the malig- 
nant parasites frequently do. The different kinds of 
i)arasites may be arranged as follows : 

Benign | j form crescents. 

^ Subtertian : Form crescents. 

Malignant < Quotidian — pigmented ) Supposed to 

f Quo+idian — unpigmented , J form crescent:^. 

Some 9 bservcrs describe only three species of malaria 
parasite, giving rise to three clinical varieties of malarial 
fever. They are benign tertian, quartan, and subtertian 
or malignant tertian fever. 

1 . The Benign Tertian parasite {Plasmodium vivax) 
completes its asexual life cycle in forty-eight hours, and 
the clinical course of an attack is more or less definite. 
The patient is free from fever for forty-eight hours after 
the occurence of the rigor. When the parasite invades 
the whole corpuscle it becomes enlarged and pale ; no 
crescent bodies are developed and the gametocytes are 
similar to, but larger than, the quartan. When uncom- 
plicated, this variety rarely produces fatal results, but 
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unless treated from the very beginning it is apt to produce 
chronic debility, anaemia and cachexia. 

2. The Quartan parasite {Plasmodium malarice) unlike 
the benign tertain completes its asexual life cycle in 
seventy-two hour^j. Clinically this fever resembles benign 
tertian, but there are two complete days without an 
attack. Taking the day of the previous onset, an attack 
occurs every fourth day, hence the name “ quartan.” 
These parasites also do not form crescents. 

3. The Malignant Tertian parasite (P. falciparum) is 
smaller than either of the foregoing varieties. Its infection 
is characterised by irregularity of fever, with considerable 
destruction of blood. Pernicious symptoms may super- 
vene suddenly even in cases apparently not severe. Pecu- 
liar character of this parasite is that during the stage of 
multiplication it disappears from the peripheral blood and 
passes its asexual stage in the visceral capillaries. This 
variety is however most amenable to treatment by quinine, 
and is followed by rapid convalescence if properly treated. 

The clinical manifestations vary according to the 
species of parasite, but pyrexia, slow development of anae- 
mia, and other toxic symptoms are common in all varie- 
ties. In all varieties parasites are found in the red blood- 
corpuscles. 

The malarial organism exists in nature as a parasite in 
man and in certain species of mosquitoes. The parasites 
arc found in the salivary glands of the mosquitoes as fine 
fusiform bodies, and vary in size during development, 
being in man from 1 to 8 m the mosquito from* 8 to 40 . 

In the human host it develops within the red blood-cell 
and possesses amoeboid movements which enable it to 
change its shape and position. 

The parasite possesses two cycles of development : 
asexual a nd sexual. By the asexual method it matures 
and propagates within the human host. By the other in 
order to attain maturity after having partially developed 
in man it enters a second host — a certain species of mos- 
quito. This sexual cycle ensures perpetuation of the 
parasite, as it is by this means only that the parasite can 
pass from man to man. An infected anpoheline while 
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feeding on human blood introduces into the red blood- 
-cell the infecting sporozoites of the sexual cycle. These 
^row at the expense of the haemoglobin, become pigmented 



Fig. 90. — The Mosquito Cycle. 

AS. H, Cycle occurs in the patient^s blood ; The portion below the dotted 
line shows the sexual cycle in the body of the anopheles, VII, cresent 
‘bodies which enter, at the time of bitiner, the body of the mosquito. 
XII, a zyfifote with two nuclei (male & female) ; XII, ookinet, which 
passes through the stomach wall of the mosquito ; XVIII, oocyst after 
rupture of the wall ; sp, sporozoites reach the salivary glands, G1 ; 
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and when mature develop either into Schizonts (Schizo- 
gony), or into Garnetocytes (Sporogony). 

The Asexual or Human Phase, — The schizonts arrange 
themselves into minute segments or mcrozoitcs when the 
enveloping blood corpuscle breaks and these merozoites 
escape and become free in the plasma. The phagocyte:^ 
however absorb many of the merozoites, but some escape,, 
attack fresh red-blood cells and start the cycle anew, 
thus completing the endogenous cycle and perpetuating* 
the parasite in the vertebrate host. 

The Sexual or Mosquito Cycle {Sporogony). — The 
sexual or exogenous cycle is passed in the bodies of the 
particular species of mosquitoes. The gametes or game- 
tocytes develop into two kinds, male and female. The 
male one emits several mierogametes (flagella), one oF 
which impregnates the female gamete. It then acquires^ 
locomotive powers and becomes an ookiuct and burrows 
into the stomach wall of the mosqiiito where it grows 
and becomes surrounded with a capsule, when it is known 
as an oocyst. This becomes packed with minute bodies 
or sporozoites. AVith the rupture of the oocyst the 
sporozoites esca])e and find their way into the salivary 
glands of the mosquito, whence, opportunity offering, 
they reach human beings. These spores then attack 
the red blood-cells become schizonts and begin the cycle 
again. If the patient is now bitten by a mosquito it will 
abstract the parasite, which passes into its stontacb 
and the true sexual life then begins. 

In the absence of sexual reproduetion the parasites- 
after some time die out owing to the exhaustion of the 
reproductive power. This is what happens when the 
patient is given quinine and the young ones whieh Avould 
eventually have given rise to sexual forms are destroyed. 

Estimation of Malaria. — From the point of view of' 
prevention this is necessary as it gives an idea of the 
incidence of the disease in a particular place. Different- 
methods have been used for the purpose, but each one is 
open to certain objections. One method is to base the 
estimation on the statistics of the cases. This is useful only 
where a relatively small proportion of the population is. 
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effected and where the diagnosis can be relied upon. This 
however gives only the incidence of cases that go to the 
hospital or attend dii^pensaries. For practical purposes the 
data so obtained are not of much value and scarcely help 
in the study of endemic malaria. The second method is 
to examine the blood of indigenous children and the per- 
-centage showing the parasite is known as the endemic or 
parasitic index. This method of estimation is open to cer- 
tain objections. It is obvious that the number of infected 
children will depend upon the lime given by each observer 
in the examination of each child. It is possible that some 
of the infected ones may have few parasites, and one can- 
not be absolutely certain even after a careful examina- 
tion that an apparently un-infected person is really so. 
Another method is by the sjylenic index. This was first 
used by Dempster to measure malaria in the Western 
Jumna Canal District. It gives the percentage of child- 
ren in whom the spleen can be felt, and has the advantage 
of being easy and rapid m determination. The size of 
the spleen is also recorded in this examination. This 
is done by recording the degree of enlargement in so- 
called finger breadths. Those which just passed beyond 
the costal margin are termed one finger-breadth ; those 
more than an inch or so are two finger-breadth. The 
last method of estimating malaria is by finding out 
the sporozoite index. This is determined by dissecting 
anophelines caught in the infected, area and finding 
out the ])crcentagc showing sporozoites in the glands. 
In a very malarious ])lace this index may be 5 to 10 p.c. 

Prevention. — In no disease is it more true that preven- 
tion is better than cure than in the case of malaria, for, 
although it is easy to cut short an attack yet it is diffi- 
cult completely to eradicate the infection from the system 
(Rogers). From what has been said with regard to the 
aitiology of malaria it is reasonable to make the follomng 
deductions : — 

1. Were all mosquitoes exterminated malaria ^vould 
cease . 

2. Were all persons protected against the bites of mos- 
quitoes no malarial infection would arise. 
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8. Were all existing cases of malarial infection cured 
then malarial disease would be exterminated. 

As corollaries to these Hehir draws the following^ 
conclusions : 

1. If mosquitoes can be diminished or prevented from 
attacking man the chances of dissemination of malaria 
can be reduced. 

2. If cases of malarial infection are lessened in number 
the chances of communicating the disease from man to- 
man by anophelines are reduced. 

The basis of malaria prophylaxis depends upon the fact 
that particular species of mosquitoes are indispensable for 
the propagation of parasites, and that in nature the para- 
sites occur in both hosts, viz. man and mosquito, and so 
far as is known nowhere else. Preventive measures are 
therefore founded on these facts, and have for their object 
(1) the destruction of the insect host, (2) the prevention of 
the transference of the parasites from one host to another,, 
and (8) the destruction of the parasites in the blood of man. 
Prophylaxis may be considered under the following heads t 

A. Protection against mosquitoes b\ 

(a) mosquito-proof houses 

(b) personal protection 

(i) mosquito nets, 

(ii) punkahs and fans, 

(iii) mosquito-proof clothes, 

(iv) cuJicides. 

(v) culifuges. 

B. Attack on mosquitoes and their larvje 

(a) Permanent measures 

(b) Annual measures 

(c) Larvicides 

(i) use of chemicals, 

, (ii) cultivation of fish, 

(iii) dragon-fly larvie, 

(iv) frogs, lizards, spiders, etc. 

C. Quinine 

(a) For the eradication from population 

(b) Prophylaxis 

D. Prophylaxis in villages 
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A. Protection against Mosquitoes. 

The greater part of prophylaxis against malaria is 
embraced in protecting human beings from mosquito 
bites. The measures adopted are : 

{a) Mosquito-proof Hou. 9 ^. 9 .— -Protection of the whole 
house or parts of the house with fine wire gauze was 
extensively used during the last war especially in the most 
malarious parts of Salonika, and there was ample evidence 
of great reduction in the number of the mosquitoes. 



Fig. 91. — Mosquito-proof and Storm-proof House. 
(From Annals of Tropical Medicine and Parasitology). 


This appears to be an ideal method of excluding mos- 
quitoes, but the cost is rather prohibitive, and cannot be 
used universally. This is after all a mechanical protec- 
tion and the occupant is open to infection as soon as he 
comes out of the house. In the absence of actual mos- 
quito-proof houses, the doors and windows may profitably 
be kept closed in India by mulniul and door chicks which 
should be kept carefully closed all day. 

(h) Personal Protection ; 

(i) Mosquito netting , — As early as 1828 Annesley 
recommended the use of the mosquito net as a protection 
against malaria. A mosquito net is of most practical 
value and according to Ross the zealous use of a net 



432 


HYGIENE AND PUBLIC HEALTH 


reduces the chances of infection anywhere by 90 joer cent. 
Mosquito nets are fairly cheap, and may with advantage 
be used by all classes. Head nets made of muslin draped 
in metal or cane rings of wide circumference, gloves or 
gauntlets of finely woven cotton material ; large, roomy, 
long and capable of being fastened down were found 
to give some protection to the troops, and may be used 
w^hile visiting malaria infected places. 

(li) Funkhas and fans are useful in driving away mos- 
quitoes. 

(iii) Mosquito -proof Clothes,- -Suitable clothing often 
affords protection against bites. Since mosquitoes can bite 
through thin cotton garments, it is advisable to use thick 
woollen garments especially during the malarial season. 

(iv) Cvlicides are agents used to kill mosquitoes. 
Various fumes, gases, and odours kill adult mosquitoes, 
and of these sulphur fumes, formaldehyde vapour, smoke 
of the leaves of 7ieeni (Azadirachta indica), crysanthemum 
and pyrethrum powder, and of odours — menthol, cam- 
phor, turpentine, lohan (benzoin), etc., are generally 
used. Cresyl has been recommended as a good fumigant. 
The quantity required being 75 grs. per every 35 eft. 
of space and need only be left to volatilise in the closed 
room. The simplest way to keep away mosquitoes is 
to mnke a smoke by burning cowdung cak(‘S in the house. 
This is generally done in cattle-sheds in India. 

(v) CuUfuges i\xe agents that prevent the bites of 
mosquitoes. Oil of eucalyptus, oil of rosemary, lemon 
grass oil and essential oils generally, arc used to keep off 
mosquitoes, and they arc commonly applied to the skin 
of the face, hands, ankles, and other exposed parts of the 
body. Kerosene oil applied with lanoline, or pure oil 
sprinkled about the bedroom also keep off mosquitoes. 
These have no value as an antimalarial measure of such 
certainty as to warrant their extensive use. 

Certain colours like navy blue, dark red, reddish 
brown, and black are attractive to mosquitoes. 

B. Attack on the Mosquitoes and their Larvee* 

(a) Permanent Measures . — The most important and 
effective way of getting rid of mosquito is by the conver- 
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«ion of real or potential breeding places into impossible 
or unlikely bree^ng places. This includes removal of any 
small collection of water in old tins, bottles, rain water 
puddles, etc. Vessels used for storing rain water in 
houses should be kept covered and should be emptied 
atleast once a week. Rain water barrels, reserve tanks, 
etc., should be effectively screened, oiled or stocked 
with small fish specially known to prey on mosquito 
larvae. Being the most easy and economical way, mar- 
shes, swamps, jheels, etc., should be drained into some 
water-course. 

An efficient method of stamping out malaria from 
Bengal is the adoption of a comprehensive scheme of 
irrigation from the main rivers. Any well-planned scheme 
of irrigation will reduce malaria by preventing the growth 
of mosquitoes and at the same time increase the produc- 
tive power of the land by depositing silt. In Italy, 
Holland, Belgium and elsewhere malaria has been brought 
under effective control and eradicated by a like method. 

When earth is dug out for constructing huts and other 
houses in villages these hollows form sandpits or clay- 
pits. This practice should be discouraged when done at 
random. The best plan is to reserve a plot of land for 
the purpose which in time may be converted into a 
decent tank if properly managed. 

(b) Annual Measures . — When marshes or other collec- 
tions of water cannot be dealt with permanently by drain- 
age or other means and for small operations, annual mea- 
sures may be of great value in some districts. These are 
best performed by what are called ‘^mosquito brigades.” 
They may usefully be applied to a great variety of places 
in India — towns, collections of villages, cantonments, 
jails, and all large industrial works and factories. Con- 
sidering the fact that the aggregation of large gangs of 
labourers on engineering works, famine relief works, rail- 
way constructions, irrigation canal works, road-making, 
etc., often helps in the formation of breeding-grounds of 
anophelines, one would emphasise the necessity of their 
employment under such conditions. Half a dozem 
labourers under one headman and a few gaixgs of such 

2S 



484 


HYGIENE AND PUBLIC HEALTH 


men working efficiently can do much to prevent malaria* 
The duties of mosquito brigade men are :— *** 

(1) To visit regularly once a week the compound of 
every house and destroy every pool of water which can 
harbour mosquito larvae : (2) to cover with a layer of 
kerosene oil and pcsterine every collection of water which is 
too large to be destroyed : (3) to remove all broken tins, 
pots, bottles, etc., which can contain water and harbour 
larvae : (4) to instruct the inhabitants in the recognition 
of mosquito larvae and in the methods of destroying them ; 
(5) to see that by-laws requiring all fixed receptacles of 
water, cesspools, etc., to be made mosquito-proof, are 
carried out, and to bring to the notice of the superinten- 
dent any householder in whose premises mosquito larvae 
are frequently found : (6) during the rains to drain off 
quickly all superficial collections of water which can last 
sufficiently long enough to become breeding-grounds of 
mosquitoes : (7) to endeavour to kill adult mosquitoes in 
houses, out -houses, and stables by fumigation with 
sulphur and other means : (8) to make observations as to 
the seasonal prevalence of mosquitoes, their habits, and 
every matter regarding which increased knowledge might 
aid in the extermination of these insects. 

The best time for carrying on antimalarial measures is 
in the months of September and October, i.e,, after the 
rains are over. All rank vegetations (jungles) near the 
house should be cut down as they afford shelter to the 
mosquitoes during the day. It has been observed in the 
Federated Malay State that if jungles to a distance of about 
half a mile from an inhabited area or village arc cut down 
the incidence of malaria is considerably reduced. 

(c) Larvicides : 

(i) Chemicals , — Petroleum and all oils act by inter- 
cepting the air from the larva? requiring oxygen. The 
stratum of oil prevents inhalation of air by the larvae 
and by obstructing the breathing tubes causes them to be 
asphyxiated* 

Kerosene diffuses more readily. About two ounces of 
oil is used for every 30 sq. ft. The emulsion should always 
♦ Major James, Malarial Fevers ; Third Edition. 
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be preferred to the oil as it diffuses more readily, and forms 
a uniform film over the surface of the water. It is 
prepared by dissolving 3 parts of common soap in 15 of 
boiling water and then adding 82 parts of kerosene oil 
with constant stirring. Only sprinkle the emulsion over 
the water or on the edge of the tank. The treatment 
should be repeated once a week. Its use should be res- 
tricted to stagnant pools or any collection of water which 
cannot be drained. The application is best done by 
means of an ordinary garden spray. Pesterine is crude 
petroleum sold in four-gallon tins. 

The application of chemicals like kerosene oil and 
crude petroleum is not always followed by the extermina- 
tion of the mosquito larvae. In order to be effective it 
has to be repeated very often, and, besides being a nui- 
sance, the material is apt to be washed away after a heavy 
shower. Being poisonous, the application kills the small 
fish, snails, and other animals by nature inimical to 
mosquito larvae. In fact it does more harm than good. 
In villages where men and cattle use any collection of 
water for drinking purposes, to scatter poison broadcast 
is not unattended with some danger. 

(ii) Cultivation of Fish. — It has been suggested that the 
existence of “ millions ” around the islands of Bermuda 
and Barbados is the cause of the absence of malaria and 
mosquitoes in those places, and “ Barbados millions ’’ 
were imported for the purpose of checking malaria in India. 
The result was, however, disappointing, and it has been 
pointed out that the indigenous fish, Haplochilus panchax, 
is superior to the foreign species in battling with the 
mosquito larvse. Haplochilus is not only more active 
and agile but more hardy than millions, and bulk for bulk 
can clear a great deal more of living larvse than the 
millions. They fare well in shallow water, prosper and 
multiply by the edges of the tanks in among the weeds • 
The following are some of the varieties 

Genus. Species. Local Name. 

Haplochilus H. panchax Panchoke, Laljhingra 

Do. H. uncolatus Pihu. 

• Swell and Ohaudhuri, Indian Fish of Proved Utility; as Mosquito Destroys^ 
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Trichogaster T, fasciatus 

Badis B. badis 

Anabas A. scandens 

Chela agentea 

The fishes selected should have 
ters : — 


Khalse, Khalas, 

Chiri, Bhedo. 

Koif Kavoi, 

Chibva. 

the following charac- 


1. They should be small in size. 

2. They should be hardy and should flourish both in 
shallow and deep waters. 

3. They should breed freely in confined water areas. 

4. They should be able to stand transport and hand- 
ling. 

5. They should be able to escape all natural enemies 
including artificial contrivances of men to catch them. 

6. They should be absolutely worthless and insigni- 
ficant as food. 

7. They should not be a danger to the indigenous fish 
population. 

Dragon fly larvai and tadpoles also destroy mosquito 
larvae. Bats, lizards, spiders, etc., are the enemies of 
adult mosquitoes. 

C, Quinine. — The last war has emphasised the import- 
ance of adequate prophylactic treatment of malaria, and 
has once more brought into prominence the vexed ques- 
tion as to which is the best derivative to thoroughly treat 
malaria and prevent its relapse. To realise the impor- 
tance of this question it is only necessary to remember 
that the greatest loss of effective man power particular- 
ly on the Eastern fronts was due to malaria. 

Quinine has been used in the treatment of malaria 
and acts by destroying the parasites in the circulation. 
The following points have to be taken into consideration 
with regard to the administration of quinine in mala- 
ria : (1) libs proper dose. (2) Time for administration. 
(3) The best salt of quinine, and the most soluble method 
of administration. (4) The best method for using it 
for prophylactic purposes. (5) The class of cases in which 
the use of quinine is inadmissible. 

The principle aimed at in cinchonisation of the inhabi- 
tants of a malaria] district is the extinction of malarial 
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parasites in all infected persons ; but complete eradication 
of malaria from the human system by quinine takes a 
longer time than is ordinarily followed. “ To extirpate 
the parasite in a patient demands, let us say, four months 
assiduous cinchonisation, and in very malarious towns a 
large percentage of the natives and nearly all the children 
may be infected. To deal with these will require a heavy 
annual expenditure for medical attendants and quinine 
with examination of immigrants.’’ The actual expenses 
incurred for anti-malarial operation in the town of Dinaj- 
pur (Bengal) was annas four per head of population. 
This included the cost of quinine as also the medical 
attendance. The actual cost of quinine used was about 
n.nnas two and pies six only per head per annum 
(Bentley). 

Apart from the prophylactic use of the quinine it is 
necessary that every one suffering from malaria should be 
•effectively and cheaply treated. In quinine and cinchona 
febrifuge we have valuable agents for the treatment of 
malaria. Cinchona febrifuge has the advantage of being 
the cheapest and thus can be utilised extensively for mass 
treatment. Provided it is given after food one need not 
apprehend any gastro-intestinal trouble. 

As a prophylactic there are various methods of adminis- 
tering quinine but it should always be given regularly. 
The best form is to take five grains every day (preferably 
in the evening) during the malarial season. The pro- 
phylactic use of quinine is now adopted practically in all 
jails and among all troops. Europeans living in endemic 
malarial districts should take quinine regularly as a pro- 
phylactic ; but for the use of the general population 
•certain difficulties are met with : 

1. A very large number of patients have a strong 
prejudice against quinine. 

2. Public generally regard a medicine as something 
to be taken only when ill. They do not believe in pro- 
phylaxis and it is often impossible to persuade them to 
take medicine for that purpose. 

3. It is extrerfiely difficult to administer quinine to 
children, who are the chief disseminators of malaria. 
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Therefore, for quinine prophylaxis to be successful in 
any given area four things have to be accomplished : 

1. Remove the prejudices of the public against quinine* 

2. Impress the idea that prevention is better than cure* 

3. Use some palatable form of quinine for administra- 
tion to children. Euquinine or tannate of quinine are 
comparatively tasteless. 

4. It must be given so as to be quickly absorbed by the 
stomach, otherwise there will be failure. The best form 
of administration is in solution. 

D. Prophylaxis in Villages.— Village Sanitation. 

Kala-azar 

Manson describes kala-azar as an infective disease 
characterised by chronicity, irregular fever, enlargement 
of the spleen and often of the liver, the presence of the 
“ Leishman body ” in these and other organs, emacia- 
tion, anaemia, frequently a peculiar hyper-pigmentation, 
of the skin, and a high mortality. 

Under the name of Burdwan fever the disease was 
known in Lower Bengal in the early ’fifties of the last 
century, and it was known to exist in Assam from as far 
back as 1869. In 1881 it broke out in an epidemic form 
at the foot of the hills just to the east of the Bramhaputra* 
The earliest record of the disease is by Clarke who in the 
Assam Sanitary Report for 1882 described it as a severe 
form of malarial cachexia. 

etiology. — In 1903 Sir William Leishman first des- 
cribed the parasite of kala-azar, and about the same time 
Donovan observed similar bodies in the spleen of patients 
dying of chronic fever in Madras. These parasites have 
been named after them and are known as “ Leishman- 
Donovan bbdies.” They arc small round or oval bodies 
about the size of a blood plate. In each parasite an oval 
macro-and a rod shaped micro-nucleus and a capsule can 
be differentiated. Most of the parasites are free and a few 
are aggregated inside leucocytes. The distribution of the 
parasites in the body is rather general, but they are most 
numerous in the spleen, bone-marrow and liver. They- 
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also occur in the blood though in small numbers, being 
found there both in polymorpho* nuclear and mononuclear 
leucocytes, and very rarely in the red corpuscles. In the 
blood they are in greatest abundance towards the termi- 
nation of the case, especially during fever, and when 
intestinal symptoms are present (Donovan), Rogers 
discovered the iflagellated stage of the parasite suggesting 
that the organism belongs to the genus Herpetomonas. 

The disease spreads by human intercourse, and unlike 
malaria it shows a predilection for the acclimatised ; the 
natives of the place and the old residents are said to suffer 
most. Both sexes and all ages are equally affected and no 
occupation is a bar to the disease. The majority of cases 
occur during the cold season. 

The disease is on the increase in Bengal, and is very 
common in Calcutta and seems to attack all classes. 
It is not so common, however, with the upper-class 
Europeans. 

Mode of Transmission. — This is still doubtful although 
there is evidence that in the Mediterranean coasts the 
dog is the principal reservoir of the disease, and that the 
dog fleas — Pulex serraticeps and Ctenocephalus canis are 
the transmitters. The fact of several cases occuring 
in the same family or house suggests mode of trans- 
mission through animals or insects domestic in their 
habits. 

Notwithstanding a large amount ojf work the mode of 
infection is still uncertain ; although Patton still main- 
tains the bed-bug theory. Others, however, seem to 
believe that the parasite may leave the human body 
cither by the alimentary canal or through the agency of 
blood-sucking insect. It is however very doubtful if the 
parasite ever escapes in the feces. Of the different possi- 
ble blood-sucking insects mosquitoes, lice, fleas and 
ticks may be excluded on various epidemiological and 
experimental grounds. Mackie suspects the sand -fly 
and thinks that the Herpetomonas phlebotomi is worthy 
of further research. While the Indian Conorhinus is 
considered responsible as the intermediary host by 
others. 
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Prophylaxis. — It is now certain that this awful scourge 
can be robbed of most of its terrors whenever it is possible 
fully to carry out segregation measures. This isolation 
should be followed by thorough disinfection of infected 
clothes, houses, beddings, fomites. Destruction of all 
forms of insects, especially bed-bugs, in infected houses 
is the only important measure in the present state of our 
kno>vledge. 


Enteric Fever 

Enteric fever is widely distributed all over the world, 
particularly in India. It is more common an.ong Euro- 
peans, especially among new comers. 

etiology. — The disease is caused by a specific micro- 
organism called the Eberth-Gaffky bacillus. It is a short, 
thick, flagellated, motile bacillus with rounded ends and 
in appearance not unlike the tubercle bacillus. It can be 
isolated in autopsy from the spleen, mesenteric glands, 
and gall-bladder. 

Mode of Infection. —The great source of danger lies in 
the faeces and urine of the typhoid patients. The infec- 
tion may be direct or indirect, 

(а) Directly it is communicated to the attendants for 
want of proper precautions in handling patients or their 
excreta. Infection sometimes clings to the bed of the 
typhoid patient, an;d successive patients seem to get the 
attack when occupying the same bed. 

(б) Indirectly it is communicated through water infec- 
tion. Many widespread epidemics are traced to this 
cause. The water of tanks or wells, once polluted, will 
spread the disease which becomes a scourge to the locality. 
It is essentially a food-borne disease, and in India the 
chief source of infection is through contaminated milk 
and water. 

Milk very often contains typhoid bacilli when mixed 
with polluted tank or well water. The disease may also 
be transmitted by salads, ice-cream, etc., or by eating 
celery or uncooked vegetables which have grown on soil 
on which infected materials have been used as fertilisers. 
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Flies alternately visiting and feeding on infected fsecal 
matter and on food are also a great source of danger. 

Typhoid bacilli can be discovered in the urine and 
stools of persons who have suffered from the aisease for 
a considerable time after recovery. These carriers are 
a great source of danger (See page 834). 

Season, — In temperate climates the disease is more 
prevalent in autumn and early winter. In India the 
disease is equally prevalent all the year round, and in 
Bengal it shows its maximum in the dry hot months. 
The majority of cases among Europeans here occur in the 
dry cold and hot seasons. 

Age^ Sex, etc, — Both sexes and all classes and races are 
equally affected. Typhoid among Europeans born and 
bred in the tropics is four times more prevalent amongst 
children under fifteen and four times less among adults 
over twenty-five, as compared with temperate climates. 
But those who are exposed to infection do not always 
take the disease. Some families are more susceptible 
than others. It is said that one attack gives immunity, 
altliough two attacks wnthin a year have also been 
recorded. Within a short time after recovery the immune 
substances disappear from the blood, but the relative 
immunity lasts for a long time, frequently for life. 

Prevention, — An early diagnosis of the case followed by 
isolation or segregation of the sick. Stools, urine and 
other discharges should be received in,^'ess(*ls containing 
strong disinfectants, and should either be deeply trenched 
or cremated along with soiled rags, etc. Soiled clothes 
should be placed in a strong solution of carbolic acid and 
then boiled. Rigid methods of cleanliness by attendants 
should be adhered to. 

It is almost impossible to lay down any rules for the 
management of the carriers excepting isolation, cleanli- 
ness, disinfection of stools and urine, and selection of 
employment which gives no opportunity of infecting other 
people. There is no safe and reliable method by which 
a carrier can be freed from infection. 

In all outbreaks of typhoid the existence of the ante- 
cedent cases ought to be enquired into. The sanitary 
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conditions should be carefully investigated, especially in 
relation to the house. The milk-supply requires, 
thorough investigation, and this gives most trouble ; since 
one has to consider the possible risks not only during^ 
storage and distribution, but also the possibility of con- 
tamination from infected water. Individual prophy- 
laxis depends upon boiling all water for drinking pur- 
poses, protecting all food from flies and dust ; disin- 
fecting hands with some strong antiseptic lotion after 
nursing, and paying special attention to the condition 
of the stomach and intestines. 

Protective Inoculation . — As a protective inoculation 
against typhoid fever a vaccine was first prepared by* 
Wright and Semple at Netley in 1896. This vaccine 
resembles Haffkine’s anti-plague prophylactic in that it 
contains dead typhoid bacilli and their toxins. The 
bacilli are grown in bouillon under strict aseptic condi- 
tions. The initial dose consists of 500 to 1000 millions,, 
the second of double the quantity. 

Two inoculations are made at an interval of ten days* 
There is generally some reaction after the first dose, which 
consists of a certain amount of febrile disturbance with 
headache and general aching. There may also be a slight 
local reaction, with swelling of the glands which lasts 
for a day or two. The experiences of the great European 
war testify to its high value as a prophylaxis beyond all 
doubt. According, to Wright’s statistics the case inci- 
dence amongst the inoculated was only 2.25 per cent* 
with a mortality of 12 per cent, against 5.75 per cent, 
and 21 per cent, respectively amongst the unionoculated* 

Plaguk 

Plague is an acute infectious disease caused by a 
specific bacillus and characterised by inflammation of the 
lymphatic glands, sometimes by pneumonia or septicaemia. 

The earliest historical record of plague is by Rufus, of 
Ephesus, describing a fatal form of bubo which occurred in 
Lybia, Egypt, and Syria about the third and the beginning 
of the second century b.c. The first authentic account of 
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plague refers to the latter half of the sixth century a.d.^ 
which lasted for fifty to sixty years and was known as the 
plague of Justinian. From that time there was no other 
epidemic till the Black Death of the fourteenth century. 
In the fifteenth century there were outbreaks in many 
parts of Europe, chiefly imported from the East. The 
first outbreak of plague recorded in India was in 1612 by 
the Emperor Jahangir. In 1815 bubonic plague broke out 
in Kutch, and then spread to Sindh and Guzerat, and lasted 
till 1821. In 1823 it broke out in the Kumaon Hills on 
the west of Nepal, and was known as Mahamari, In 
1836 a fresh outbreak occurred in the town of Pali in 
Rajputana, spreading to Jodhpur and Marwar, and 
continued till 1838. This is known as the Pali plague. 

In 1871 plague appeared in an endemic form in the 
south-west of China in the province of Yunan, and, 
probably following the trade route, it spread to Pakoi on 
the Gulf of Tonquin. In February 1894 it had extended 
to Canton, and in April it appeared in Hong- Kong and 
many other places in the southern provinces of the 
Chinse Empire. 

In 1896 it broke out in Bombay, having probably been 
imported from Hong-Kong, and thence it spread to 
Calcutta, and subsequently throughout India. The total 
number of deaths recorded from this cause in India for 
thirteen years (1897-1909) amounted to 6,133,476. In 
1918-19 the mortality from plague in India sank to less 
than one sixth of the mean mortality during the past 
twenty years. 

Six varieties of plague are commonly met with ; they 
are bubonic, pneumonic, septicsemic, intestinal, pestis 
ambulans, and pestis minor. Of these the bubonic and 
the pneumonic forms are most common. 

The Bacillus. — The plague bacillus was first discovered 
by Yersin and Kitasato during the Hong-Kong outbreak 
in 1894. It is a short oval bacillus with rounded or 
square -cut ends occurring singly or in dumb-bells, and 
occasionally in chains ; it is non-motile and does not 
forn* spores. The bacilli are demonstrated from post- 
mortem specimens or from puncture of infected glands. 
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The bacillus is killed by heating for ten minutes at 62® 
to 65° C. and loses its virulence on drying. The bacillus 
is readily destroyed by antiseptics ; a 1 in 1000 corrosive 
sublimate or 1 in 100 chloride of lime solution being effi- 
cient. The German Plague Commission stated that the 
longest time the bacilli of infected materials remained 
active was eight days. In drinking water they die in three 
days, and in sterile water in eight days. Direct sunlight 
kills the organisms in three to four hours. 

It is also present in great abundance in the spleen, 
intestines, lungs, kidneys, liver, and other viscera, and 
also, though in small numbers, in the blood. In the 
pneumonic type it is present in the sputum in enormous 
numbers. 

In addition to man, monkey, cat, rat, mouse, guinea- 
pig, and rabbit are also susceptible to inoculation. 

Modes of Entry. — Plague may enter the body in three 
ways, viz., by (1) inoculation, (2) inhalation, and (3) in- 
gestion. 

1. Inoculation , — This is the most common mode of 
entry. It is not necessary that the insect (rat flea) should 
inject the poison into the puncture every time it bites, 
but it is probable that infection may enter through the 
bite, either by being already on the skin when the insect 
bites, or by subsequent contamination of the wound. 
The irritation may produce scratching, which may be 
done with an infected finger, and thus inoculation may 
occur. The flea feeds on the infected rat and accumulates 
a large mass of B, pestis which causes partial obstruction 
and when it bites man part of it is regurgitated from the 
stomach and infects the victim. Some of the bacilli 
are expelled with the faeces and may infect through 
scratching or any existing abrasion. 

2. Inhalation , — This is the mode of entry of pneu- 
monic and sometimes of septicaemic plague. Kitasato 
has demonstrated the presence of Bacillus pestis in the 
dust from the walls of a room occupied by a plague patient. 
It appears that this mode of infection is common in 
India, where the plague -infected houses are generally 
ill-ventilated, dark, and densely crowded. 
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8. Ingestion — Feeding experiments on animals with 
tissues of plague patients and on cultures of the specific 
bacillus have shown that the disease may be communi- 
cated by this channel through infected food and drink. 
The bacillus is said to have been found in the intestinal 
contents and urine of patients. Food contaminated with 
sewage and faecal matter or by infected rats may there- 
fore be regarded as a possible medium of infection. 

The Rat.~Although 
small and circumscribed 
epidemics of plague may 
possibly occur without 
the intervention of rats, 
it is definitely proved 
that in most epidemics 
of bubonic plague the rat 
plays an important part 
in the propagation of the 
disease. 

The disease is essen- 

tially a rat disease and pjQ, 92._Fiea viewed as a trans- 
is carried to human be- parent object. The proven- 

ings by fleas which have triculus and stomach contain 

fed on infected rats. ® plague culture. 

The rats chiefly respon- ^ anson), 

sible are the black domestic rat {Ratius rattus) and the 
brown rat Rattns (Decuminus) norvegicus, the common 
water rat or sewer rat. The plague usually occurs first 
in the Rattus norvegicus, then in the Rattus rattus^ and 
subsequently in the man. These rats are usually infec- 
ted with fleas, chiefly Xenopsylla cheopis, and Cerato- 
phillus fasciatus 

Rattus rattus^ is the common domestic animal in 
India, and lives and breeds in and about human dwellings. 
It is the black rat and feeds upon grain and other articles 
of food stored in the house. It is distinguished from 
Rattus norvegicus, the brown rat, by its tail being longer 
than the body and large ears. It has a small and 
pointed head, a smooth coat, and is comparatively small. 
The black rat does not migrate to any distance. When 




446 


HYGIENE AND PUBLIC HEALTH 


the infection is present and the rat population sufficiently 
numerous to maintain an epidemic, an epizootic (or pre* 
cedent outbreak of the disease in animals) takes place. 
If the rat population is scanty, the epidemic either cannot 
arise or is of short duration. The epizootic among 
rats is followed after an interval of about a fortnight by 
the outbreak of human plague. 

The plague infected flea may live apart from the rat 
host, and remain infected for a period of 23 days, 
and in low temperature even longer. In a hot dry 
climate say 80° F. the infected fleas die, the probable 
cause of cessation of plague in hot season. In certain 
parts of India the climatic conditions are such, that 
given a sufficient quantity of black rats to maintain 
the infection, the disease may persist throughout these 
months which in other parts of the country arc non- 
epidemic. Moreover, in any part of India, plague may 
persist among rats through non-epidemic season without 
revealing its presence by unusual sickness and mortality. 
The prevalence of rat flea is intimately associated with 
the season of the year. They wildly multiply and are 
very active when the temperature is 50® F. or thereabout. 
The average life of the flea apart from its host has been 
found to be about ten days in Mesopotamia, while in 
tropical temperature it can harbour the bacillus when 
feeding on blood for forty five days. 

Means of Spread . — Plague is chiefly spread by contact 
directly with persons suffering from the disease, or with 
materials infected by such persons, or plague -stricken 
rats. The conclusions of the Indian Plague Commis- 
sion may be quoted in extenso : 

1. Pneumonic plague is highly contagious. It is, how- 
ever, rare (less than 3 per cent, of all cases) and plays a 
very small part in the general spread of the disease. 

2. Bubonic plague in man is entirely dependent on the 
disease in the rat. 

3. The infection is conveyed from rat to rat and from 
rat to man solely by means of the rat flea. 

4. A case of bubonic plague in man is not in itself 
infectious. 
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5. A large majority of plague eases occur singly in 
houses ; when more than one case occurs in a house the 
attacks are generally nearly simultaneous. 

6. Plague is usually conveyed from place to place by 
imported rat fleas which are carried by people on their 
persons or in their baggage. The human agent himself 
not infrequently escapes infection. 

7. Insanitary conditions have no relation to the occur- 
rence of plague except in so far that they favour infesta- 
tion by rats. 

8. The non-epidemic season is bridged over by acute 
plague in the rat, accompanied by a few cases amongst 
human beings. 

The Commission has further shown that an epizootic 
of rat plague may start without contact or even proximity 
of healthy and infected animals. As long as fleas from 
an infected animal are transferred on to a healthy animal 
they will cause infection. It is evident from the findings 
of the Plague Commission that the chief agents in the 
development and perpetuation of plague epidemics are 
the rats and the rat fleas {Xenopsylla cheopis) and other 
species of fleas, such as Ctenocephalus caniSy which also 
bite dog, rat, and man. 

Recent researches have demonstrated that the rat 
flea can be transferred through grain and in grain sacks. 
This fact was responsible for cases of’ plague in ships 
which were free from rats but carrying grains from 
Basra to Amara and Baghdad. * " 

Owing to the free discharge of the organism with the 
sputum and the consequent direct infectivity at short 
ranges of the disease, pneumonic plague spreads from man 
to man directly. The recent epidemics in Manchuria 
were of pneumonic variety. Pneumonic plague is more 
liable to occur in temperate and cool seasons. As it 
does not lead to an infection of other animals or an 
epizootic, the epidemic has a tendency to die out 
rapidly. 

Conditions favouring Plague, — Sir Thomas Fraser, the 
President of the Indian Plague Commission, holds that the 
most potent factors predisposing to an outbreak of plague 
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are overcrowding and insanitary conditions. But these 
alone are not sufficient, for even in the filthiest and most 
over-crowded areas after an outbreak the plague dies out 
spontaneously. Insanitary conditions may be regarded 
only as a predisposing factor. Soil does not appear to 
harbour the germs. The Indian Plague Commission 
noted that the bacillus had not been recovered from the 
soil by any trustworthy observer. 

The universal experience of plague in India proves that 
houses into which the infection of plague has been imported 
whether by man or rats are infective ; this infectivity 
being so marked that many of the officers who have had 
most experience of the disease have come to the conclu- 
sion that the principal source of the infection is to be 
found in the house into which the infection of plague has 
been introduced. Plague is worse in towns where rats 
get plenty of food, and the chief centres for plague are 
those areas where grains, such as dal, rice, etc., are stored. 

The Bacillus pestis has not been recovered from the 
mud or cowdung floors in India. The Plague Commission 
has shown that floors of cowdung if contaminated with 
Bacillus pestis do not remain very infective for more than 
forty-eight hours, and that floors of chunam cease to be 
infective in twenty-four hours. 

Seasonal Prevalence, — Although it appears that season 
has some influence on the epidemicity of plague yet an 
epidemic may occur under any climatic condition. The 
first Bombay epidemic (1896) was at its highest in Decem- 
ber, the second reached its highest in February, and the 
third in March. In Calcutta and Karachi epidemics 
occur during the hottest season, and in Poona during the 
monsoon. The plague however constitutes a notable 
example of seasonal disease, its intensity being at its 
lowest ebb in July, gradually increasing till it reaches 
the zenith in March and rapidly declining during the 
next four months. 

Prevention. — The preventive measures may be consi- 
dered under the following heads, viz. — 

1. Evacuation of the infected area, and special hospi- 
tal for the treatment of the sick. 
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2. Campaign against rats. 

3. An tip] ague inoculation. 

A. Evacuation of the infected area.-- As soon as the 
disease is recognised the sick should be isolated from the 
healthy, and infected clothes, articles and houses should 
be thoroughly disinfected. All insanitary conditions 
should be attended to and overcrowding prevented. 
Examination of passengers leaving the infected areas 
either by rail or steamer should be enforced. If practi- 
cable the infected village or locality should be evacuated 
and the inhabitants accommodated in temporarily built 
quarters or huts, while the infected ones and those adja- 
cent to them should be thoroughly disinfected. In cities 
evacuation is rather dilReult, when enforced it has 
sometimes met with serious opposition, and therefore 
requires careful control and organisation. Voluntary 
evacuation, when uncontrolled, has too often taken the 
form of a stampede which carries the disease to the un- 
infected area. 

These measures have however not proved a success. 
But if fully organised by (a) the institution of infectious 
diseases hospitals ; (6) organised pre])aration of camps for 
evacuation of the infected quarters ; (e) the multiplication 
of the rural dispensaries ; and {d) a great increase in 
the rural area of the number of medical^ men capable of 
instructing the public with the benefit of sanitary mea- 
sures, and giving preventive inoculations, it will then 
yield more satisfactory results. 

H. Campaign against Rats. — In cases of outbreaks it is 
important that one should remember the following points : 

I . That an intimate relation exists between rat plague 
and human plague. 

2. That when conveyed to man it is communicable to 
others and to rats by means of expectoration, excreta, and 
discharges from the buboes and other glandular swellings. 

3. That rat plague precedes human plague. 

It follows, therefore, that the prevalence of plague 
depends on the density of the rat population. 

(a) Rat elimination or the prevention of rat infestation . — 
This comprises such modifications in the habits, customs 
29 
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and dwellings of a community as will result in a diminished 
rat infestation in the homes of the people and make the 
association between rats and men less intimate than at 
present. 

(b) Measures designed to protect the rat population 
of any given town or village from plague infection. 

(c) Rat destruction designed, as in (a), to diminish 
the chances of infection, and to keep the rat population 
at so low a level that, if plague be introduced, the severity 
of the resulting epidemic will be appreciably diminished. 

(d) If efforts under these three heads fail to keep 
plague out, it is left to try and render the human popula- 
tion immune to attacks of the disease by means of inocula- 
tion, or to remove the population at risk from close associa- 
tion with infected rats. The latter involves the evacua- 
tion of infested dwellings and the provision of temporary 
accommodation outside the rat -infested or plague -infected 
area. 


I. Rat Elimination 

A full knowledge of the habits and customs of the rats 
is essential to the successful prosecution of anti-plague 
measures. 

1. The rat . — The common Indian house rat, Mus rattus, 
is a very domesticated animal and is rarely found far from 
human habitation. For shelter it seeks the darkest 
corners of the dwellings, especially if such offer facilities 
for burrowing and a convenient supply of food. The rat 
possesses remarkable powers of climbing, and the ordinary 
kutcha mud wall offers no difficulties. A hard, smooth 
vertical surface free from irregularities and projections is 
not easily surmounted. A water-pipe or a drain-pipe, 
which can be grasped by the rat’s legs and tail, is easily 
climbed. . A ledge, projecting horizontally 9 inches or 
more from the wall, if quite smooth and hard on the 
under surface, presents an insurmountable obstacle. A 
rat may succeed in jumping on to a ledge two and a half 
feet high, but not one three feet high. 

Grain is the natural food of Mus rattus, which is very 
largely vegetarian in its habits : in certain circumstances 
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the house rats will devour “meat,” or even the dead 
bodies of other rats, but uncooked grain is their chief 
article of diet. Usually the rat favours that variety of 
grain which forms the staple food of the human popula- 
tion among which it dwells. Thus the rats of Poona 
prefer hajri to anything else ; the rats of Madras are rice- 
eatcrs ; the rats of Sholapur affect an equal preference for 
jowari and hajri, Finally rats must have water if their 
food be dry ; sufficient water is obtainable from fresh, or 
wet, vegetables or grass. 

A rat becomes sexually mature at a little over two 
months ; the most common number of young at a litter 
is five. The sexes closely approximate each other in 
number. So prolific are rats that, given sufficient food 
and shelter, a pair of rats may become 80 pairs in the 
course of a year. 

2. Rat elimination , — Energetic and sustained rat- 
destruction campaigns will do much towards keeping the 
rat population at a low level with a consequent marked- 
ly diminished risk of plague-infection and the certainty 
of much milder epidemic. Such measures necessitate 
sustained effort. Moreover, rat -destruction campaigns 
are of only temporary benefit, and it is necessary first to 
consider whether the houses, habits and customs of the 
people cannot be so modified as to render the association 
between the rat and human population less close than it 
is at present. As things are, there is no limit to the 
amount of food and shelter that the average Indian house 
affords to the rat. Very little advantage is gained if the 
floors, walls and roof of buildings be so constructed as not 
to make it impossible for the rats to burrow therein, if 
such erections offer no lack of food and shelter to rats, and 
if ingress and egress through doors and other apertures 
be not prevented by some special device. In many parts 
of India one can see buildings that have been made 
“ rat-proof,” harbouring, all the same, a very large num- 
ber of rats. 

Even in Imtcha buildings something can be done 
towards eliminating the rat. All measures that lessen the 
amount of food and shelter for rats automatically effect 
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a reduction in the number of rats. Protection of stores 
of food from the depredations of rats and efficient scaveng- 
ing, are thus anti -plague measures of the first importance. 

II. Protection of the Rats of a Community 
FROM Plague 

Before embarking on a detailed description of active 
rat-destruction measures it will be well to consider how 
best to protect the rat population of any town from 
becoming infected with plague, or to make the ever 
present possibility of such an occurranee less likely. To 
this end it is important to bear in mind the methods by 
which plague infection is conveyed from place to place. 

1. Grain and jdague . — It is a common experience to 
find plague in towns and villages beginning in the close 
vicinity of markets and grain stores. The rat population 
of any giv^en town or village is very much larger in the 
neighbourhood of market and grain stores than in other 
localities, with the result that when plague is present 
the rat epizootic is likely to be more widespread in such 
localities than elsewhere. It follows that grain exported 
from plague -infected towns to another goes from the part 
of the town of despatch where plague is most severe to 
part of the receiving town where the rat po])ulation is at a 
maximum. Further, grain and similar merchandise offer 
facilities for the tr^insport of rats which baggage consisting 
of personal effects rarely affords. Plague -infected rats 
are. likely to be much more harmful as )>1 ague -infecting 
agents than are fleas alone which, apart from their defi- 
nitive hosts, are short-lived especially if infective. 

It follows therefore that the methods of grain storage 
and grain transport are of paramount importance in 
plague-infected and plague-threatened India, where the 
grain trade is in a very special sense a “ dangerous trade,” 
and as such demands very close supervision. There is 
a large mass of epidemiological evidence to show that the 
rate of diffusion of plague -infection is very slow when 
it has to rely on the movements of human population 
per se, but the movements of grain afford facilities for 
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the dissemination of infection equalled by no other 
agency. 

In discussing this matter it is important to bear in 
mind certain facts regarding the habits of rats cited above. 
They explain the logical basis of the following desiderata 
of grain stores ; 

(а) Wherever possible the wholesale storage of grain 
should be effected in buildings apart from those in which 
retail trade is carried on. 

(б) Wholesale grain stores should not be situated in 
close proximity to dcnsely-erowded areas of a city. 

(c) Wholesale grain stores should never be utilised for 
purposes of human habitation. 

(d) Bearing in mind that water is essential for the life 
of the rat, no water accessible to rats, or fresh vegetables 
should be allowed in wholesale grain stores. 

(e) As rats are unable to circumvent a smooth hori- 
zontal projection of 0 inches, such a ledge surrounding a 
grain store on the top of a plinth 3 feet high, is effective 
in prohibiting the ingress of rats. On the sides of building, 
in which the doors are situated, this ledge can conveniently 
be enlarged into a platform 2 feet or 2 feet 6 inches in 
width. Reinforced concrete is a suitable material for 
such ledges and platforms. 

(/) The roof of the godown should overhang this 
platform and ledge to prevent the accumulation of rain- 
water thereon. 

(g) No steps or similar means of facilitating ingress 
should be allowed. For unloading sacks of grain designed 
for such a store the bullock cart can be pushed close to 
the platform, which is al^^o at a convenient height to faci- 
litate the deposit thereon of sacks. 

(h) Rats will, from time to time, be introduced into 
such a store, but they will be compelled to leave in search 
•of water and should find their return extremely difficult. 

(i) In villages and places, where the cost of such pncca 
buildings is prohibitive, relatively rat -free stores can be 
made of almost any material, provided the roof is water- 
tight, by raising the floor on uprights surmounted by 
rat-guards similar in design to those commonly employed 
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on ships’ cables. These uprights should be at least three 
feet high and would support the beams on which the floor 
rests. The floor might be made of wood. The space 
underneath the floor can be left open and kept free from 
weeds and rank growth with but little trouble. 

2. Other means of conveying 'plague-infection, — Clothing 
and bedding from plague infected houses may contain 
infected rat -fleas : the chance, however, of such finding 
a susceptible rat as a host, without which they cannot 
give rise to an epidemic, is sufficiently remote to explain 
the fact that merchandise is a more potent source of 
plague -infection. 

When articles from a plague -infected source are of such 
a nature as to render them likely to harbour fleas, they 
can be rendered innocuous by exposure to the direct 
rays of the sun. The ground used for the purpose should 
be so chosen that the sun is able to shine on it for the whole 
of each day. It should be flat, devoid of grass, stones, 
or anything which might afford shelter to fleas. Pre- 
ferably it should be covered with a smooth layer of fine 
sand 3 inches deep. The surface temperature of the 
sand should be at least 120® F. to ensure the destruction 
of all fleas. One hour’s exposure in such conditions i& 
sufficient for the purposes of destruction. Thick coats 
and rezais should be turned once or twice during the 
process. No articles should be placed within 3 feet of the 
edge of the sand. 

III. Rat Destruction 

Careful attention to detail, and a knowledge of all 
that has been said above regarding the habits and cus- 
toms of rats, are essential to success in any rat destruc- 
tion campaign. 

1. Rat poisons, — Poison, if intelligently used, can 
accomplish much : by means of a “ poison campaign 
a rapid reduction in the rat population can be effected. 
The selection of a suitable poison is the most important 
consideration. The most satisfactory of all poisons, and 
the cheapest, is barium carbonate. As a rat poison it is 
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certain in its action and safe to handle. When mixed 
with flour and water it in no way makes the mixture 
less palatable to rats who seem quite unable to 
detect its presence. Poison baits are best made as 
follows : — 

One pound of powdered native barium carbonate is 
mixed thoroughly in an enamelled basin with three pounds 
of flour made from the grain which constituted the staple 
food of the locality in which operations are to be carried 
out. Sufficient water is added to make the whole into a 
fairly firm paste. The resulting mass is sufficient for 
some 2,400 baits, each containing three grains of poison, 
which are conveniently rolled into pill from. Clean hands 
and dishes arc necessary to avoid imparting to the baits 
extraneous taste and odour which may diminish their 
attractiveness. Baits should be made fresh each day as 
a hard stale bait is rarely eaten by the rat. 

Poison baits should be laid in the evening, and placed 
in situations readily accessible to rats. When baiting is 
being carried out special efforts should be made to keep 
all other available food for rats covered up, especially at 
night. In laying baits the presence of rat holes, or other 
indications of the presence of rats, will afford useful 
indications as to where baits can be laid with most chance 
of success. 

If rat poisoning be carried out with careful attention 
to all these details, a very notable de^gree of success will 
be achieved, with very appreciable benefit wdien plague 
threatens. 

2. 7' rapping.- To effect a considerable diminution in 
the rat population and to keep it at a low level by means 
of trapping is a relatively expensive measure and one that 
requires careful and intelligent supervision. 

Many rat-traps on the market are defective in design 
and construction. Traps selected haphazard have very 
varying degrees of efficiency, and recent observations 
have showm that the size of the trap, the size of the inlet, 
the strength of the trap, the accuracy with which the flap 
fits the frame designed for its reception,, are all important 
points in determining the efficiency of the trap. Other 



456 


HYGIENE AND PUBLIC HEALTH 


things being equal, the larger the diameter of the inlet, 
the more satisfactory the trap. 

Traps should be oiled only sufficiently often to ensure 
freedom from rust. Frequent washing of the traps is 
not recommended : rats are not attracted b}^ cleanliness 
which appears to make them suspicious. During the war 
traps were found suitable for keeping the rat population 
reduced when once this had been effected by the use of 
the rat-poison. Traps operated by light counter]>oised 
weight were more suitable than those worked by a 
spring. 

The traps are best baited with a small quantity of the 
staple food-grain of the community or of flour made there- 
from in the form of dough. In the hoi months fresh 
green vegetables, notably cucumber, make an attractive 
bait. 

All traps should beset overnight and collected early 
in the morning. x\ll rats caught can be drowned or 
destroyed in some humane manner, their bodies being 
burnt. For systematic trapping a number of traps 
equal to 3 per cent, of the human po])ulation will be 
found sufficient. Frequent inspection of traps, with the 
rejection for repair of all found defective, is essential.* 

C. Anti-plague I noiulation (Haffkine). This consists of 
a cultivation of plague bacilli in bouillon, the bacilli having 
been killed and tKe solution sterilised by heat. The usual 
dose is 5 c.c. for an adult, and is injected into the outer 
part of the np]x*r arm. The injection is followed by 
constitutional disturbance lasting for about twenty-four 
hours, and it makes the man unfit for work for two or 
three days. The immunity is established in about ten 
days after the inoculation and lasts for about six months, 
and often longer. Inoculate earlv during an ejiiderriic. 
When once a bottle containing the vaccine is opened it 
should be used up : if any is left it sliould be rejected, as 
after twenty-four hours it becomes unfit for use. The 
results of inoculation as attested by the Indian Plague 
Commission have been distinctly satisfactory^ for although 

• Summary of the preventive measures recommended by the Sanitary 
Commissioner with the Government of India. 
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absolute protection is not afforded, this method of treat- 
ment diminishes not only the total number of attacks 
amongst the inoculated but also the percentage of morta- 
lity amongst tliose attacked. The conclusions of the 
Commission are : — 

(1) Inoculation is harmless. (2) When given in the 
ineubaiive stage, i.e. before the signs of plague are 
apparent, it has in many cases the ]>ower of aborting the 
disease. (8) Inoculation affords to all those inoculated 
a strong protection against attack by plague. (4) In the 
few cases where inoculated people are attacked a very 
large proportion recover. 

The following table * gives the number of attacks and 
deaths from plague 






Percentage 


Population. 

Attacks. 

Deaths. 

of deaths 
to population. 

UninocuUted 

8001 

487 

850 

4.3 

Inoculated 

1584 

3(5 

20 

a. [ 


Disinfection.- To disinfect a plague -infected room the 
floor should be thorouglily swilled with kerosene oil or 
its emulsion, or pcsterine. The fleas are to be found in 
the cracks and crevices in the floor. It is better to 
empty the room of all furniture ; and ‘infected clothes, 
bedding, etc., should be either burnt or disinfected by 
steam. The wall up to 2 ft, or 3 ft. should also be 
treated with kerosene. About two pints of oil are re- 
quired for every square yard, and a few ounces of the oil 
should be ])oured into each rat hole. 

Solutions of perchloride of mercury or otlier chemicals 
are not of much value for disinfecting plague-infected 
rooms, where attention is chiefly directed against the 
destruction of rat fleas which harbour the bacilli. 

Pneumonic plague is most infectious, as it spreads by 
inhalation. Attendants and nurses should always wear a 
mask when visiting patients. The best form of mask is a 
three -tailed gauze bandage with a pad of cotton-wool. 

• standage, Transactions of the Bombay Medical Congress^ 1909. 
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This should always be destroyed after each exposure to 
infection. 


Cholera 

Cholera is an acute infectious epidemic disease charac- 
terised by profuse purging and vomiting of a colourless 
serous material, muscular cramps, suppression of urine,, 
algidity, and collapse, the presence of a special bacterium 
in the intestines and intestinal discharges, and high 
mortality (Manson). It is endemic in certain river dis- 
tricts in India, e.g. Assam and the delta of the Ganges, 
and is principally a water-borne disease. It occurred in 
the form of minor epidemics in Europe during the Balkan 
War of 1913, and in the course of the last European War, 
especially in the Balkans and in Mesopotamia. 

etiology.— The following are the conditions iK'cessary 
for a widespread epidemic of cholera : — 

1. The presence of the microbe. 

2. A suitable medium and temperature for its growth 
outside the body. 

3. Means of transport. 

4. Susceptibility to the infection. 

]. The Virus , — Koch in 1883 discovered in Egypt the 
comma bacillus supposed to be the cause of cholera. In 
1881 he came to Calcutta and found the same bacillus in 
the stools of all the cholera patients then examined. It is 
a short, motile organism about half the length and twice 
the tliickness of the'tubercle bacillus. It is slightly curved 
like a comma. It grows in an alkaline medium at a 
temperature from 30® to 40® C. but does not thrive in an 
acid one. Its growth is arrested below 15® or above 42® 
C., and a temperature over 50® C. kills the bacillus. It 
is aerobic, but is nevertheless capable of growing to some 
extent in the absence of oxygen. The primary source of 
the virus outside the regions where cholera is endemic is 
the intestinal discharges of persons suffering from or who 
have recently suffered from the disease. It has been 
detected in the vomited matters, and its presence in 
the vomit is to be accounted for by the contents of the 
intestines finding their way into the stomach. The 
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comma bacillus has not been recovered from the blood 
during life, although Greig found it widely distributed 
in the different organs after death. He believes that the 
germ is distributed by the lymphatic system. It has been 
found in the gall bladder and in the stools of convalescents 
up to fifty days after recovery. 

2. It is essential that the cholera vibrio must find some 
suitable medium outside the body for its growth. Such 
media arc ; {a) A soil polluted with organic matter, especial- 
ly excreta ; (b) sewage polluted water ; (c) milk and other 
food. Greig has found that cholera germs are very non- 
resistant and die within about four days if kept in a dark 
room. 

A suitable temperature is also necessary for its growth. 
Warmth and moisture are imf)ortant predisposing factors ; 
on the other hand cold does not necessarily arrest an 
epidemic, as is evidenced by the various outbreaks in the 
Punjab where the temperature often comes down to zero. 
Jipidemics generally occur in the late summer and autumn, 
and subside with the advent of winter to appear again in 
the next summer. The maximum periods of epidemic 
cholera incidence in Bengal are in April, May, and Novem- 
ber, and in the Punjab at the height of the rains. 

3. I'ransport , — Although atmospheric moisture is the 
carrier of the virus, it is not possible for the cholera germs 
to be transported to long distances by the’ air. The prin- 
cipal means by which the virus is carried about are : — 

(a) Human Intercourse ^ — It is well-known that cholera 
is disseminated by human intercourse. This is proved 
by the fact that cholera often follows the lines of com- 
munication by river, road, rail, or ship. Kabul, for 
instance, has always received the infection from India 
and has been the centre from which it has advanced 
westwards. Although man is invariably responsible for 
introducing the disease to any place the spread of the 
disease depends entirely on the insanitary conditions^ 
the primary cause being the liability of the drinking water 
to be polluted by the infected excreta. Although it 
travels along the trade route, it never advances far 
unless along its path there are places where the sanitary 
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conditions are such as will help the disease to take root 
and start upon its course afresh. 

(6) Rivers, — polluted river may carry infection for 
very considerable distances to towns situated on its banks. 
The infection is usually carried up the big rivers by 
boatmen. 

(c) Carriers, — Healthy contacts often harbour the 
cholera vibrios which they pass with their stools. It is 
possible that the cholera infected persons will carry 
with them the germs, deposit them in fresh plaees, infect 
water-supplies and set up epidemics without exhibiting 
any signs and symptoms of the disease themselves. This 
explains outbreaks in isolated places where the possibility 
of direct infection from an infected area is remote or 
cannot be traced. 

(d) Drinking When the virus finds its way into 

the general water-supply of a locality the disease becomes 
widely diffused. This is very common in villages where 
there is no proper water-supply, and when the isolated 
tank or well becomes infected. Tanks are usually con- 
taminated by washing soiled clothes and other infected 
articles in them. This is shown by the fact that the 
.spread of cholera has decreased by the introduction 
of a pure water-supply. The average mortality of 
European troops at Fort William, Calcutta, was 20 
per 1000 from 1826 to 1863. Since the introduction 
of filtered water up to the present time it has averaged 
1 in 1000. 

(e) Milk, efe. "Milk is not only a vehicle for diffusion 
but also a medium for growth. Many widespread epi- 
demics may be traced to milk infection. Insects play an 
important part in the spread of the disease mechanically, 
by settling on articles of food after having been in contact 
with infected materials. The common house fly acts as 
an active agent, and it has been shown that the germs 
are capable of living for at least fourteen days in the 

4. Individual susceptibility counts for much in the 
matter of infection. Chronic alcoholism by causing 
gastro intestinal catarrh predisposes to cholera. 



PREVENTABLE DISEASES 


461 


Prevention. — The prophylactic measures may be 
considered under the following heads 

I, Personal Prophylaxis : 

1. Correct any tendency to dyspepsia and derange- 
ment of the stomach. In man digestive disturbances are 
often an important predisposing cause of an attack. 

2. Promote the secretion of the gastric juice by keeping 
the stomach always full, an acid medium being hostile 
to the life and growth of the cholera germs. 

3. Avoid foods that may cause indigestion. Unripe 
or over-ripe fruits, shelfish, or foods in a state of decom- 
position should be avoided. 

4. Avoid any food or drink while travelling by railway. 
Cold dishes, ice puddings, ice creams, etc., should be 
rejected and everything taken hot. 

5. Avoid bazaar-made aerated waters. Freshly manu- 
factured soda water should not be taken, and three or 
four days must be allowed for the carbonic acid to exert 
its destroying action on the comma bacillus. 

6. Purgatives, particularly salines, should be avoided, 

7. Water for drinking purposes and for washing dishes, 
etc., should as a rule be boiled. Filters are not to be 
relied on. Weak tea, lemon juice, dahi or butter-milk, 
cocoanut water, can be used with impunity. 

8. Diarrhcra during an epidemic should be promptly 
stopped. 

Anti-cholera Inoculation (Haffkine).^ — Haffkine pre- 
pares two vaccines of different strengths : (a) An 
attenuated virus in which the virulence of the organisms 
is diminished by passing a current of sterile air over the 
cultures ; (b) an exalted virus in which the virulence has 
been increased by growth in the peritoneal cavity of a 
series of guinea-pigs. The dose of each is 1 c.c. The 
patient is first injected with the attenuated virus then 
after a lapse of three to five days with the exalted one. 
This method has been given up by Haffkine who has since 
recommended immediate inoculation with virulent, 
recently isolated vibrios, without further preparation. 
In 1912, 8,000 Europeans were inoculated in Batavia 
and there was only one death as against 1 5 deaths amongst 
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2700 uninoculated. Subsequent experience obtained 
during the last Balkan and the European Wars placed 
Plaffkine’s vaccine on a firmer basis. Becently Castellani 
has advocated, and used with promising results, a mixed 
vaccine of B. typhosus, B. paratyphosus A and B plus 
vibrio cholera killed by 0,5 carbolic acid. The number 
of organisms per c.c. is as follows : 

Typhoid . . . . 500,000 

Paratyphoid A . . . . 250,000 

Paratyphoid B . . . . 250,000 

Cholera . . . . 1000,000 

about 10 ms. or 0.6 c.c. is given at the first injection and 
double the dose at the second a week later. The reaction 
is not very severe and the inoculated person is fit for 
work 21 to 36 hours after injection. 

II. General Propylaxis. — This may be discussed under 
the following heads : — 

1. Notification . — Early notification is of utmost im- 
portance. In Calcutta this is obligatory by law*. In 
villages, the village Chaukidars are ordered to report 
cases of cholera to the local police who has to report daily 
the Civil Surgeon, during an epidemic. Early notification 
helps the adoption of immediate steps against the disease 
before it has time to spread. But to be successful every 
step should be taken as early as possible. For this 
purpose, quicklime, posters, etc., should be kept in each 
Union Board, and the Chaukidars and the Duffadars 
drilled in their use. Cholera prevention centres should 
be established at convenient places where supplies of 
other chemicals required for sterilising water and disin- 
fecting clothes, excreta, etc., shall be kept. 

2. Isolation of Cholera Cases , — The isolation of the 
sick and Segregation of the contacts are possible only in 
towns. But in villages all that can be done is to instruct 
the inmates of the infected house not to mix with other 
villagers and at the same time to warn the villagers not 
to visit the infected houses, or to take water from the 
same source. 

8. Sterilising Water . — ^Although recent investiga- 
tions have shown that not infrequently cholera germs are 
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carried by means of flies from infected excreta to food, 
or more directly by the handling of food by human carriers, 
thus giving rise to sporadic cases of the disease, the fact 
still remains that in the vast majority of instances 
explosive outbreaks of cholera are almost always due to 
the use of infected water ; and this view has been proved 
to hold good especially in those cases where a considerable 
number of persons are simultaneously attacked with the 
disease. It is safe to assume, therefore, that water, 
polluted by the excreta of cholera patients or carriers, is 
the chief factor in the spread of epidemic cholera, and that 
when the necessity arises for preventing or controlling 
the spread of such epidemics, the measures called for are 
primarily those aimed at the protection of all water- 
supplies from contamination, and the immediate disinfec- 
tion of those supplies which are believed to have been 
exposed to risk or pollution. 

The following different methods may be adopted for 
purifying drinking water for the prevention of cholera, 
viz. : — 

(a) Boiling. 

(b) Chlorination. 

(c) Permanganate of Potash. 

(d) Reservation of Tanks. 

(a) Boiling , — By this simple method the infected 
water may be purified most easily and efficiently. Since 
it is not possible to boil water for the whole community, 
the individual householders will remove the chief source 
of danger of cholera infection by this simple procedure. 

{h) Chlorination . — In bleaching powder or chlorinated 
lime and solutions of the hypochlorites, we possess agents 
of extraordinary efficacy in the disinfection of water. 
Experience in the recent war has conclusively proved 
the special value of systematic chlorination of water- 
supplies as a practical measure of prevention against 
cholera and other water-borne diseases. 

The bactericidal action of bleaching powder and solu- 
tions of the hypochlorites depends upon their power of 
setting free nascent oxygen, which has special affinity for 
organic matter generally and bacteria in particular. 
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The disinfectant, proportionate to the size of the tank 
to be treated, is first placed in a bag, which is then 
attached to ropes and by this means pulled backwards 
and forwards through the water, particular attention being 
paid to the portion near the edges, which is most likely to 
harbour infection. For a tank five feet deep and one 
acre in extent 15 lbs. of active bleaching powder will 
suffice. So active is the sterilising agent that usually 
within 15 minutes the vast majority of the germs that 
may be present are destroyed, and it is probable that in 
most cases an infected tank may, by this means, be 
rendered harmless within an hour. For use in wells and 
cisterns, and in the case of piped water-supplies which 
may be susy3ecte(l of contamination, solutions of the 
hypochlorites are more convenient than chloride of lime. 

(c) Permanganate of Potash. This has already been 
discussed on page 27. 

(d) Reservation of Tanks. — Even in the absence of 
any disinfecting agents we are not entirely powerless 
against cholera. The cholera organism is very easily 
destroyed. Thus the water of an infected tank will 
purify itself and become safe for use if it is exposed to air 
and sunlight for a few days. The use of a tank, suspected 
of being infected with cholera, should be rigidly forbidden 
for a definite period. In dry weather three to four days 
are enough, while in wet or cloudy days seven to eight 
days are necessary. Tanks that are not overshadowed 
with trees and vegetation will purify themselves most 
rapidly. Natural purification is very slow in wells and 
should not be relied upon. 

The following additional precautionary measures should 
be adopted for the safety of the community at large : — 

1. All sources of water supply should be protected and 
all infected tanks and wells should be placed under guards 
for at least a week and no one allowed to use their water 
under any circumstances. 

2. Persons from infected areas or houses should 
not be allowed to dip their buckets into an uninfected 
well or tank, and should not be allowed even in their 
vicinity. 
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8. While arrari^in^ to secure eflieient treatment for 
actual cases, the ^reaiest emphasis should be laid on 
preventing the spread of infection. 

6. Arramjeme nts for dravvin^^f water sliould be made 
through a man especially appointed for this pur])ose. 

7. Particular attention should be paid to the cleanli- 
ness of the cook and of tiK‘ cook-house. 

8. All privies and drains should be daily disinfec- 
ted. 

Disinfection. -Cholera is contracted through the mouth 
by taking water or food infected with the discharges of 
the cholera patients, or by the accidental soiling of hands 
through touching cholera patients or infected clothing, 
etc., soiled with their discharges. Since the discharges 
of the cholera patients are thr actual source of infection, 
special care should be taken to disinfect the stools, urine 
and the vomit. 

LdVeted discharges, excreta, etc., should be burnt as 
soon as ])ossibIe. I'he metal vessels should also be placed 
on th(‘ lire and disinfected. Q licklime may be usc‘d for 
the excreta, and vomit. A handful is placed in the vessel 
containifig i Iv' stool, then enough hot -water is poured on to 
it and the whole mixed up with a stick. This will disin- 
fect the stool within 2 hours. Milk of lime iixay be 
used for disinfecl ing stools, spoiled floQrs, clothes and 
utensds. Jt should be used in excess, and atlcast a two 
hour’s ( xoosure sliould be given. Rlea.ching powder may 
1)0 used to disinfect the discharges. 

Idoons should b^^ disinh'ctcd by thoroughly flaming 
them with a. painter’s blow-lamp or by using freshly 
sl;»krd powdered lime or bleaching powder, or by milk 
of lime. 

Soiled clothes arc best disinfected by boiling for 15 
minutes, or may be soaked in milk of lime for an hour, 
rinsed in boiling water and finally dried in the sun. 
Solution of bleaching powder (3 oz. to a gallon) may be 
used for clothing, but it injures the fabrics and the article 
must be waxshrd in hot water. Pcrchloride of mercury 
lotion (1 n 500), carbolic acid (1 in 20), formalin (1 in 
10), cyllin (1 in 100) may be used. 

8D 
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Utensils, cups, plates, etc., are best treated by immers- 
ing them in boiling water for fifteen minutes. They may 
also be disinfected by placing for an hour in milk of lime 
and then washing with hot water. 

Hands are best disinfected with the thorough use of 
soap and hot water, after this they may be immersed for 
a short time in solution of lysol, cyllin, or perchloride 
of mercury (1 in 500). 

Anti-Cholera Propaganda. — This is likely to be very 
effective during an epidemic. The people should be 
taught the principles of cholera infection, how the 
disease spreads and how it can be avoided. They should 
be impressed on the importance of protecting the water 
supplies from pollution by human excreta, explained how 
to purify the water, and still more how boiling the water 
will help protection. The importance of disinfecting the 
floors, clothing, utensils, and the use of soap and water for 
cleaning the hands must be insisted upon. In this 
educational work the use of posters and leaflets are of 
great advantage. Under certain conditions popular 
lectures, illustrated by magic lantern slides, arc likely 
to be helpful and full use should be made of any oppor- 
tunity to employ them. 

Diphtheria 

Diphtheria is an infectious disease usually of the 
mucous membranes transmissible from the sick to the 
healthy — the cause being a micro-organism (Klcbs- 
Loeffler bacillus). 

etiology. — Diphtheria is a widely spread affection and 
like most infectious diseases is prevalent only in certain 
seasons.* The influence of soil and rainfall upon the 
prevalence of this disease has led to much discussion and 
debate. New'sholme holds that epidemics are very 
common in dry years when the total annual rainfall is 
materially below average, which implies very low ground 
water. He holds that the micro-organism of diphtheria 
passes a saprophytic existence in the soil, and that its 
growth is favoured by a low level of the ground water. 



PREVENTABLE DISEASES 


467 


Epidemics of diphtheria usually commence with the 
advent of the cold weather, and the maximum death- 
rate is reached in November and December. 

It is believed that sore*tthroat or some damage 
to the mucous membrane of the throat like catarrh, 
measles, scarlet fever, etc., predisposes to attacks of 
diphtheria, but some are peculiarly susceptible to it. 
The incidence of this disease is mostly limited between 
the ages of two and twelve years. Age has also a marked 
influence on the case -mortality. It is most fatal to 
infants under one year ; the mortality then gradually falls 
up to the fifth year, and after that more rapidly, but 
rises again after forty. 

Schick has shown that the presence or absence of 
immunity against diphtheria can be ascertained by a 
special test known as “Schick Reaction”. This is done by 
injecting of a minimum lethal dose of diphtheria 

toxin for a guinea pig weighing 250 grms. A reddened 
area with a white centre at the site of the injection denotes 
positive reaction. Those giving positive reaction indicate 
absence of antitoxin in the blood, and the particular 
individuals are susceptible to diphtheria. This test is of 
great practical value as it enables one to determine 
the presence or absence of immunity of a person 
during an epidemic. Those giving a negative test do 
not require prophylactic injection of antidiphtheritic 
serum . ^ 

Mode of Spread. — The most common mode of spread 
is by personal communication, and outbreaks generally 
occur in crowded localities, and may be caused either 
directly or indirectly. Directly, the virus may be trans- 
mitted by kissing, coughing, by droplet infection, sneezing, 
etc., and indirectly by means of handkerchiefs, toys, 
through slate pencils, etc. The bacillus grows well in milk 
which may be a medium of infection. The so-called diph- 
theritic affections of pigeons, poultry, and calves are as 
a rule diseases quite distinct from human diphtheria, 
and are not communicable to man (Hewlett). 

The bacillus is very sensitive and dies soon under the 
influence of light, heat and disinfectants. Therefore 
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infcclion througfh the medium of is only possible 
within a few feet of the infectea person. 

The incubation 2 )€riod is short and varies fiom a fc w 
hours to tive days. It has been traced 1o cairieis, 
in whom it is the cause of persistent suppuration of tlie 
ear or nasal sinuses, or tonsillitis, or may cause no dis- 
coverable symptoms. These carriers may oi may not 
have had a previous attack of the disease. I’atie nis anel 
nurses may harbour th(‘ ijferms for a loncf time wit lion t 
showincf any outward sii^ns of tlie disease. The se caoTie is 
are the sources of infection to others. It is lucessaiy, 
therefore, that tlie mouth and throat of such p(i>oi>s 
should be washed witlr some' anlisc'ptic loiion are! Ihe 
throat sprayed with chlorine water. The mucus fiom tlie 
throat and posterior nares should be examined ba.cU r;o- 
lo^ically for the presence or absence' of the' bacillus, ei'. her 
in smears or in eultivatieins. maele from tlie me inbrnne or 
secretions. The mild cases are those which it is of the 
jrreatest importance* te3 identify, especially in schools, 
for if not rccoifnised the patients may ^o about ami prcjve 
a source of infection. 

One attack ^ives no protection against a second one. 
The period of infectiveness has been variously estimated ; 
so lon^^ as the bacilli arc present in the throat infection 
must be possible, and the length of time for which they 
may occasionally ])ersist is remarkable. They may 
disappear within three days of the disappearance of ihe 
membrane, or may last for as lon^ as three weeks. 
Hewlett mentions a ease where it persisted for no Icf^s than 
fifteen months after the attack. It is not safe to abow 
convalescents to mix with health}^ children until after 
the disappearance of the bacilli from the throat, and this 
point can only be definitely ascertained by bactc rioloyieel 
examinations of smears from the throat. 

Prevention. — The disease sometimes occurs in an 
epidemic form in schools, hospitals, and similar places. 
The most important measure of its suppression is isola- 
tion not only ot all such cases but also the possible 
carriers. But this is only possible in institutions 
where there is some sanitary control. All persons 



PREVENTABLE DISEASES 


469 


in the particular house should be tested for Schick 
reaction, and those fifivinsf positive reaction should 
receive prophylactic injection of anti -diphtheritic serum. 
The usual dose is lOOO units, but Schick recommends 
50 units per kilo of body weight. This dose requires 
to be repeated every ten or fifteen days, as lon^ as 
the chances of fresh infection exists. The details of 
other preventive* measures to be observed are practically 
the same as described under small -pox. Particular 
att(‘ntion should be paid to the diseharfifes from the nose 
and throat. Tlu'se as also the clothincf and bedding 
should be thoroughly disinfecte d. 

The individual is protected not only by the use of 
prophylactic se^rtim but also by using separate glass, cup, 
spoon, towel, etc. Rigid cleanliness of the hands, 
mouth and throat should be observed. Use of some 
disinfectants for washing the mouth and throat is 
useful. 


Small-pox 

Small-pox or variola is a contagions specific fever, 
attended on the third day of illness by a characteristic 
eruption of the skin, pa])ular and ultimately pustular. 

Small-pox is known to have been indigenous in Eastern 
countries and its earliest records arc from India and 
China. Its distribution is world-wide and it is ess(*ntially 
an ('pid(‘mic disease, although it mu^t be regarded as 
endemic nearly everywhere in India. According to Hol- 
well small-pox rage s (*pidemically in Bengal every seventh 
year during the month of March and the two months 
following it, and sometimes until the rains. In India 
the maximum ])revalence of the disease is during the hot 
weather ; while in cold countries it is most prevalent 
during the late winter and early spring. The prevalence 
and mortality of small-pox are mucli influenced by 
vaccination. 

This is one of the most virulent and infectious of 
transmissible diseases, and persons unywotected by vac- 
cination arc almost universally attacked on exposure. 
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The mortality appears to be higher among males than 
among females, and the disease is most fatal in children 
between the ages of tw^o and four. The death-rate 
from small-pox in India varies from 0.3 to 2.0 per 1000 
per annum, and about 20 per cent, of the persons attacked 
die. In 1909 there were 3784 deaths from small-pox 
recorded in Calcutta and after that the city was prac- 
tically immune. In the years 1910, 1911, and 1912 
the total number of deaths were 48, 41 , and 77 respec- 
tively. In 1920 there were 8,000 deaths in Calcutta. 

Infectivity. — The incubation period of the disease is 
usually twelve days, but it may be as short as five days, 
or as long as three weeks. The disease is infectious from 
the earliest period of its manifestation, probably by the 
breath, and the danger continues during the whole course 
of its progress, but particularly after the pustular stage, 
when the scales begin to separate. Therefore the patient 
should be isolated until the last scab has fallen off. The 
ratio of persons who are entirely insusceptible to small- 
pox is, according to N otter and Firth, 1 in 20 for adults 
and 1 in 60 for children. The contagion is very persistent 
and it may act through a considerable distance. It is 
exhaled from the skin and lungs of the patient, is probably 
contained in the secretions and excretions, and adheres to 
clothing, articles and places with which the patient may 
have come in contact. 

Air is the medium through which the contagion is 
chiefly transmitted. Houses within a radius of half a 
mile of a small -pox hospital have been attacked at three 
times the rate of those between half a mile and a mile, 
and at four times the rate of those beyond a mile. Flies 
and possibly mosquitoes may have some share as carriers. 
The commonest cause is perhaps direct contact or proxi- 
mity to a case — a proximity close enough to allow the 
throat or nasal secretions or skin debris to be inhaled by 
the person infected. Whether the disease is spread 
through the air or through the carelessness of persons 
connected with the hospital is still disputed, and in the 
absence of any exact knowdedge it is better to locate 
small -pox hospitals as far from inhabited areas as possible. 
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One attack generally confers immunity for the rest of 
the life. A second attack, however, is not uncommon and 
may occur even after an interval of one year ; a third attack 
is not unknown. The protection, however, tends to wear 
off in course of time. It should also be borne in mind 
that complete natural immunity even after repeated 
exposure is occasionally seen. 

The cause is not known, although various organisms 
among others two or three protozoon-like bodies have 
been described. But these have not received general 
acceptance. 

Prevention. — The following measures should be adop- 
ted during an outbreak of small -pox : — 

1. Vaccination 

By vaccination is meant the introduction into the 
human system of vaccinia^ which is small-pox attenuated 
or weakened by its passage through cows, and is not a 
spontaneous disease of the cows. Instead of a general 
eruption all over the body vesicles appear only at the 
points of inoculation, with the result that the small-pox 
loses its power to spread in a well-vaccinated country, 
except in rare eases by aerial convection. 

Jenner in 1798 first pointed out that the inoculation 
of man with cow-pox {vaccinia) eonfel's immunity to 
subsequent attacks of small-pox in the same way that an 
attack of small-pox does to a patient. •Many experiments 
were made to confirm these results, and the practice of 
vaccination became more general. 

Duration of Protection. — The protection afforded by 
vaccination is less perfect and less permanent than an 
attack of small-pox. The susceptibility to small -pox 
after a primary vaccination returns slowly, and the dura- 
tion of protection afforded by vaccination depends upon 
(a) the quality of vaccination, i.e. the number, area, 
and the eharacter of scars ; {b) the time which has elapsed 
since its performance ; (c) the mode of its performance — 
vaccination in three or four places gives better protec- 
tion than that conferred by vaccination in only one spot. 
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Whenever possible primary operations should be per- 
formed at six points. 

Vaccination was made compulsory in Calcutta in 1880. 
The mean ratio of deaths per 100,000 of the population 
per annum for nitieteen years previous to this was 116.8, 
and for nineteen years subsequent 44.5. 

Srnall-pox can be almost entirely prevented by vac- 
cination. Formerly the disease \\ as so pre valeTit lhat 
almost everyone suffered from it. As a resnll of tlie 
extensive use of the vaccination the disease has almost 
been (‘xterminated from many countries. Thus there 
wer^" only 8 eleaths in the year 1807 in the entire German 
Empire with a population of 5 1,000, (H O. 

A wielespread epide*mic of small-pox can only be 
attributed to ignorance ooncerniiujf 1 he' pievenlion of the 
disease by vaccination and re -vaccination. Hy imme dirte 
vaccination, all persons brought directly or indirecily 
in contact with tlu‘ case, the progress of tla elisc rse can 
almost atonee be clu cked. It is therefore' Ticcessaiy that 
the physician, attemdants, the relativ'^s of flu patient, 
and in fact all the inmates of the house' should be 
vaccinateel. If possible the residents of fhv adjacent 
houses should also be vaccinated. If vaccinated within 
a day or two after exposure to smal!-pox tlie ]x rson ofie n 
escapes the disease. If however he eleu s contraed the 
disease it s^eneriilly ap])ears in a much milde r from. If 
persons e'xposed to small-pox are not vaccinateel they 
shoulel be placed uneler the ejuarantine fe)r sixteen days 
from the date of last exposure'. No perse^n wlio lias not 
been vaccinateel within live to se've n years, anel ne) ])('ise)n 
who his had small-pox for seven to ten ye ars pre'viously 
should rely upon the su])[>osed immuni^v. 

When visiting a small-pox patien^^ ' iv' nhysieian should 
wear a lonof over-all fittinie clos#* alo 'a* the' wrist and 
neck. Failing this he slmuld Ivive a eliani^e' of clothing. 
These ejarments shoulel be removf'el ienmediately and 
placeel in an airtii^ht re*eeptacle and sliould be elisinfected 
with formalin vapour. The hand sbeadd be thoroughly 
washed with soap and water and, i h. n washed in some 
strong aniseptic solution. 
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The Operation of Vaccination. — This is usually per- 
formed on the outer side of the arm near the insertion of 
the deltoid muscle. The anterior surface of the forearm 
2 in. belo\v the bend of the elbow or the calves of the legs 
are also sel(‘cted ns sites for vaccination. The leg is the 
preferable site rather than the arm since the abundant 
lymphatics of the groin control better the inflammatory 
reaction than do the less developed ones of the axillary 
region. The part should be thoroughly washed and 
cleansed with soap and water, and then with some anti- 
septic lotion, and finally flushed with clean water to 
removT all traces of tlie antise])tic, and then the lymph 
taken on the point of a sterile lanc(‘t is inserted by punc- 
tures or scratches. It must be remembered that any 
strong antis( ptie will counb^ract the object of vaccination. 
Absolute aleoliol is tlierefore better and should be 
allowed to eva])orate after having done its work. The 
vaccinating lancet can also be sterilised by wiping with 
absolute alcohol or rectified spirit. The part should be 
stretched and the lancet should be held at an angle so as 
to make valvular incisions which should enter but not 
penetrate the true skin. It should be sulfieicnt to cause 
a little blood-stained lymph to exude. 

Instruction to Vaccinators. — 1 . Vaccinate only healthy 
subjc'cts. Infants suffering from fevt'r,^ irritation of the 
bowels, skin eruptions, or chafing or eczema should not 
be vaccinated. 

2. Do not vaccinate in a house where there is a ease of 
erysipelas. 

fl. Never make less than two insertions - four is better 
— and care should be taken to make the insertions so far 
apart that tht'V do not run together and form one large 
sore. The area should be covered with a clean cloth after 
allowing some time to dry. According to Schomberg, 
painting the points of inoculation after forty-eight hours 
with a 4 per cent, solution of picric acid in alcohol, 
markedly lessens local reaction and danger of secondary 
;infection without interfering with the success of vaccina- 
tion. 
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4. Particular care should be taken to protect the 
vesicles ; the crusts should be left until they drop off^ 
Ordinarily no dressing is required. 

5. In primary vaccination only enter as “ successful 
those cases in which the typical vaccine vesicles have been 
produced ; in re -vaccination only those in which either 
vesicles, either normal or modified, or papules surrounded 
by areolne, have been produced. 

6. Whenever practicable vaccination should be done 
with preserved calf vaccine. In arm to arm vaccination 
ascertain that the children you take the lymph from are 
of healthy parentage, and have no signs of any hereditary 
disease, especially syphilis. Lymph should be taken front 
typical vesicles around which there is no conspicuous 
commencement of areola. The practice of vaccinating 
direct from the calf or from arm to arm is to be dis- 
couraged. 

7. When performing a number of operations use two- 
lancets, put the used one in boiling water for sterilisa- 
tion. 

A vaccinator should vaccinate at once all the members 
of a household or contacts in case of an outbreak of 
small-pox in the house, and also re-vaccinatc people during 
epidemics irrespective of the length of time that has 
elapsed since the last vaccination. 

There can be 'no danger from vaccination except what 
is common to all wounds, which is avoided by proper 
attention to cleanliness. 

Age of Vaccination , — In Bengal the Vaccination Act 
enjoins that a child should be vaccinated within six 
months of its birth, but the best age appears to be four 
months, that is before the child can turn over. A properly 
performed vaccination, even to a new-born babe, is practi- 
cally without any danger. Children are very highly 
susceptible to small -pox, and the younger the child the less 
IS the resisting power. If there be any reason to suspect 
that the child may develop small-pox, vaccination should 
at once be performed. 

Re -vaccination is also necessary, as the protection 
afforded by primary vaccination gradually wears off.. 
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Young people had better be re -vaccinated before attain- 
ing puberty and during an epidemic. The protection 
afforded by vaccination lasts for about seven years. But 
different persons acquire immunity with varying rapidity 
and likewise retain it for varjdng periods. Vaccination 
performed soon after the exposure to the infection can 
partially or completely protect the patient from the 
disease or favourably modify its course. In fact, small-pox 
is entirely prevented if persons are vaccinated within 
two days after exposure, and if vaccinated on the third 
day it is modified ” and rendered less severe. Natural 
insusceptibility to vaccination is sometimes observed, 
when even fresh virus carefully applied repeatedly fails. 
These cases are probably also immune to small -pox, 
but these persons should be vaccinated during epidemics 
since we have no means of ascertaining when this natural 
immunity may lapse. A person can only be declared 
insusceptible to vaccination if he is thrice unsuccessfully 
vaccinated in succession. 

Phenomena of Primary Vaccination. — At the end of 

the second or third day after vaccination a slight elevation 
can be felt, and on closer examination about half a dozen 
small vesicles may be observed which gradually run to- 
gether and form one large vesicle with a depression in the 
centre on the fifth or sixth day. The vesicle matures on 
the eighth day, becomes greyish, tense, afid loculated, and 
contains a clear viscid lymph which exudes when the 
vesicle is pricked. The vesicle begins*to be pustular and 
becomes surrounded by a red ring, the areola,” on the 
ninth day. During the development of the pock slight 
constitutional symptoms such as fever, restlessness, and 
itching are observed. About the tenth day it begins to 
dry up and there remains a dry brown scab about the 
14th day, and the scab falls off about the 21st day. The 
scar or cicatrix is depressed and marked with little pits 
(foveated). 

Vaccination is not successful unless the areola or red 
zone around the vesicles is formed. When lanolinated 
lymph is used the areola commences to form on the 5th 
day, but with glyccrinated lymph it takes about two more 
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days for its development. The vesicles have a doughy 
feel and do not fluctuate as in the case when pus is formed. 
Opinions are at variance as to whether vaccination, per- 
formed at any time during the period of incubation, 
confers complete or partial immunity or only favourably 
modifies the course of the disease. For complete protec- 
tion, vaccination should be performed imm(‘diately after 
the reception of the contagium. Vaccinia oidy begins 
to exert prophvlactic power when the areola commences 
to form round the vesicle. 

2. Isolation : --The patient and the sus])eet should be 
separated. All comimications between Uie sick and infec- 
ted and the healthy (other than the attendants), and the 
movement of any article from the infected room or house 
should be rigidly forbidden. 

3. The Sick-Room. ■ contagion of small-pox 
harbours in carpet, beddings, clothing, etc., and therefore 
carpets, ])ictures and all unnecessary furniture, clothing 
and bedding, and any other articles ca])ab](‘ of harbouring 
infection, and which would be diflieult to disinfect or not 
desirable to burn, should be taken out of the sick-room. 
Articles or furniture that have alnaady lieen (X]>oscd to 
infection should not be removed unless those heve b<aai 
<lisinfected. The room sliould b(‘ fully vent dated. Ten 
per cent, solution of formalin may with advantage be 
kept in the room in a vessel. 

t. Care of Convalcsi ents. -No person recovering from 
small -pox should be allowed to go out and receive visi- 
tors until every scab, crust and scaU* has disa]^pear<'d, 
and there is no sore in the bodv. Tla* hair should be 
carefully brushed to remove all particles adhering to 
the scalp and the whole body should Ihcn be thoroughly 
washed ^tith soap and Avater. He may have a bath 
with some antiseptic lotion, and clothing previously worn 
should be thoroughly disinfected under the direction of 
a responsible oflieer. 

5. Care of Corpses, — All persons dead of small -pox 
should be wrapped in sheets with a 40 p.c. solution of 
formalin and should be cremated or burnt with as little 
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delay as possible. When coffins are used they should 
be air ti(]^ht. 

6. Disinfection . — The infected house and its contents 
should undergo a most thorough disinfection. It is 
essential that this work should be carried out properly. 
All openings into the room should be closed, excepting 
the door. Any cracks or open spaces, key-liole, etc., sliould 
be pasted over with slips of paper. Clothing, bed co\er, 
etc., should be removed and hung or stretched across the 
room ; matresses and pillows should be opened up and 
the contents exposed. Drawers, trunks, cupboards, almi- 
rahs. (‘tc., should he opened and the contents removed 
and spread out on the lloor. As soon as the disinfectant 
is ])laced the doors should be closed and the room kept 
closed for from t to 6 hours. After this the doors and 
windows should be thrown open and a full circulation of 
air allowed. Einally all articles of clothing, beddings, 
etc., may be kept exposed to the sunlight. Rooms, 
ollices, boats, vehicles, etc., which may have incidentally 
been exposed to infection may be washed with soap 
and hot-water, and then elisinfeeted with 10 p.c. solu- 
tion of formalin, or fumigate el with foimalin or sulphur 
va])our. Leather gooels, fur, books, etc., which may be 
damaged by edher methoels of elisinfe etion shoulcl be 
disinlecteel by elry heat. 

As tlie nose anel throat are liable* to harbour the 
tpeciftc cause of sma.ll-jiox they should as far as possible 
be cleansed, and gargleel with some disinfectant. 

Prkpakatiox e)F Calf Vaccinf. Lymph 

Preparation of Calf.— The- calf is ke])t in quarantine for 
a week to see' that it is healthy. If so, it is strapped on 
a table anel the lower part of the abdomen is carefully 
shaveel. The shaacd area is first washed with a 5 per 
cent, solution of eaibolie acid and then wtII syringeej with 
clean filtered wa.Ier and finally cleansed with sterilised 
water. The wctled area is dried by means of sterilised 
gauze sponges. 

Vaccination of Calf — Tl e calf is then vaccinated wuth 
glycerinatf d calf lymph introduced into the skin through 
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numerous parallel linear incisions made by a sterilised 
scalpel. The scalpel must be frequently dipped in the 
vaccinating fluid. As these incisions are made, additional 
lymph is run in along the cut by the aid of a sterilised 
blunt instrument such as an ivory spatula. It is neces* 
sary to inoculate the incisions immediately they are made, 
otherwise the lips of the wound are apt to swell and close 
the opening. After the vaccination, the shaved surface 
should be covered with a sterilised apron and the calf 
<ian then be removed to the stable. 

Collection of Vaccine Material , — After 120 hours (five 
days) the calf is placed on the table and the vaccinated 
surface is carefully but thoroughly washed with soap and 
warm water. This may be done either by the clean hands 
of the operator or with absorbent cotton-wool. It is 
next washed with filtered water and finally with sterilised 
water. Next any crusts which may have formed should 
be removed by a sterilised rubber paa. Excess of mois- 
ture on the surface may be absorbed by means of sterilised 
gauze sponges. The skin is then put on the stretch and the 
contents of the vesicles are collected with a sterilised 
Volkmann’s spoon. Each line piust be taken in turn and 
must only be scraped once. In this way the vesicular 
pulp is obtained without admixture of blood. The pulp 
obtained is placed in a sterilised stoppered bottle of known 
weight. It is (hen carefully Avcighed. The abraded 
surface of the calf is then dusted over wdth starch and 
boracie acid powder. 

Gljjcerination of the Vaccine Material , — The lymph pulp 
is next transferred to a triturating machine- -all parts of 
which should have been previously sterilised by prolonged 
steaming. The pulp is passed through the machine and 
thoroughly triturated. To test its complete trituration 
a loopful of the ground-up material is suspended in a 
watch-glass of distilled water. If the trituration is 
complete no particles will be visible and the water will 
be made merely cloudy. 

The pulp is now passed through the machine a second 
time together with six times its weight of sterilised mix- 
ture of 50 per cent, glycerine in distilled water. This mix- 
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ture ©f pulp and glycerine water is then once more passed 
through the machine, thus producing a fine and intimate 
emulsion. Before preparing to store the emulsion, a loop- 
ful of it should be taken with a sterilised platinum needle 
and agar-plates inoculated with it. 

Storage of Emulsion. — The emulsion in the machine is 
received into sterilised glass test-tubes of a size that can be 
filled as completely as possible, so that very little air 
remains in contact with the emulsion. Each tube is 
plugged with a sterilised cork, is sealed wdth melted 
paraffin w^ax, and is then placed in a dark cool cupboard 
or ice chest. Each tube should be marked with the 
number of the calf and the date of the preparation. 

The Issue of Lymph in Capillary Tubes. — The emulsion 
may be tested on agar-plates after a month, and if no 
growth is shown the lymph may be drawn into sterilised 
capillary tubes and used for vaccination purposes. If 
growth takes place the lymph must be kept for a longer 
period until it ceases to cause growths. The capillary 
tiibes should be sealed in a flame immediately after they 
are filled. If the special bottle for filling by means of 
compressed air be used it must be sterilised beforehand. 
Metallic collapsible tubes having a capacity to hold 25 
to 50 grains are also used for issuing lymph, but these 
should first be properly cleaned and sterilised, and after 
filling corked and capped properly to prevent leakage. 

General Instructions. — llie use of unripe lymph, that is 
lymph containing contaminating microbes, is follow^ed by 
fever, inflammation, and perhaps pus production. The 
use of stale lymph, generally so after eight montns, on the 
other hand, simply results in more or less failure. 

If stored in the cold, the lymph retains its activity for a 
much longer period. During the cold weather in Bengal 
the lymph when taken out of the ice chamber usually 
keeps well for about 10 to 14 days, but in summer it 
deteriorates in 4 or 5 days. 

For every operation the vaccinator must thoroughly 
cleanse his hands, first with strong soap and warm w'^ater, 
then with a 5 per cent, solution of carbolic acid, and finally 
with sterilised plain water ; and no assistant must be 
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allowed to touch the vaccinated surface of ihc calf’s 
stomach before the lymph is taken nor any of the instru- 
ments, tubes, sponges, etc., unless with the same precau- 
tions. 

All s^lasses, tubes, instruments, oauze, sy)oniXcs, etc., 
must be completely sterilised befon* use, and Ihr operator 
must himself see that the articles to be used are thorono'hly 
sterilised. 

Instead of o'lycerine the pulp may also be n'lixfd with 
dehydrated and neutral lanolinc in the propoition of one 
part of tlie pul]) to two of lanoline (by w( i<:'h1 ), and then 
stored in sterilised tub(\s. One ^rain of this vaccine 
lymph is necessary for vaccinating three person^*. The 
olycerinated lymph is to be prefern d to the lanolinatcd 
variety. 

The lymph of either variety, however, deteriorates on. 
coming' in contact with heat or even a weak antiseptic* 
The lancet, thendbre, if sterilised by passing? through a 
flame, should be allowed to cool down, and the area 
thoroiifjfhly flushed with clean sterile water and then care- 
fully wi})ed dry before performing the operation. 


Summary of measures for dealing with outrreaks of 

SMALL-POX 

(1) Every effort should be made to find the source of 
infection and to prevent the spread of the disease. 

(2) As soon as a case of small-pox has been reported^ 
the movements of the patient durincf the ]wrcedirp' two 
weeks should be ascertained, and all persons who have 
been in contact with him since the illness must be vacci- 
nated or re -vaccinated. 

(3) The most difficult persons to deal vith are the 
ignorant labourers, who disperse in all directions, and in 
this way carry the infection to other centres. 

(1) Where special hospitals exist every endeavour 
should be made to induce such cases to go into hospitah 
If they cannot be segregated in this way, they should, as 
far as possible, be isolated in their own dwellings. 
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(5) Contacts should be kept under observation for at 
least two weeks. 

(6) Other steps include free vaccination throughout 
the locality. This may be done by empowering every 
medical practitioner to vaccinate all persons who apply 
to him. The local authority may supply lymph to the 
practitioners free of charge. 

(7) In extreme cases, employ an army of assistants to 
go from door to door for the purpose of persuading people 
to be vaccinated. Female vaccinators will often be found 
to be of service for vaccinating women and young 
children. 


CiiicKEN-pox OR Varicella 

Chickcn-])ox is a contagious disease occurring in 
children mostly in an epidemic form. It very often 
coincides with epidemics of small-pox, but the mortality 
is practically nil. 

iffitiology.-- There is no doubt that it spreads by a 
contagium from a previous case of the disease. Personal 
contact or fomites very often convc}^ the contagium but 
no specific organism has been isolated. The incubation 
period is about fourteen days and the patient should be 
isolated until the last scab has fallen off. 

Chicken-pox and small-pox are separate and distinct 
diseases and an attack of one docs not give protection 
against an attack of the other. VfK:*cination gives no 
protection against chicken-pox. The following scheme 
on ])age 482 presents in contrast the salient features of 
variola versus varicella.* 

Prevention.— All cases should be reported to the 
Health Officer, as very often a mild case of small-pox may 
be mistaken for chicken-pox and thus escape control. It 
may prevail in an epidemic form, and although not as a 
rule fatal may give rise to much trouble, especially in 
schools, boarding-houses, jails, hospitals, etc. The patient 
should always be isolated with a special nurse. The 
measures taken to prevent the spread of small-pox are 
• Green’s Encyclopcedia of Medicine, 
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also applicable to chicken-pox. After separation of all 
the crusts the patient should have a warm bath and com- 
plete change of clothes before regaining perfect freedom. 
The room should be thoroughly washed and cleaned, and 
all clothes, bedding, etc., used by the patient subjected to 
a thorough disinfection either by steam or boiling. 


Smat.l-pox 

Chicken-pox 

P) odromata seve> e 

Proilromata shght or absent. 

Heavy sickness, severe pain in back, 
vomiting. 

Perhaps slight headache, pain in back, 
shivering. 

Spots come out on third day. Spots 
come out in progressive older from 
above downwards— -face, hands, and 
arms, trunk, legs, foot. 

Spots come out on first day. Spots 
come out in succossi ve crops, the new 
spots being widely distributed. 

Temperature : three days’ pyrexia at 
onset, aud pyre.xia again when sup- 
puration occuis, about the ninth day 
(called the secondary or suppurative 
fever) 

Temperature not high as a rule. But 
pyrexia accompanies each fresh ciop 
of spots if the eruption is profuse. 

Liable to have very severe complications 
and sequoia). 

Neither complications nor sequela) to be 
reckoned with, as a i ule. 

The centre of the vesicle is depressed. 

The centre of the vesicle is the highest 
point. 

Eruption apt to leave pits, often deep 
and permanent. 

Pitting occasional, and slight as a rule. 


* Measles 

Measles is a specific infectious fever characterised by 
macular eruptions and widespread catarrh affecting chiefly 
the respiratory, nasal, and ocular mucous membranes. It 
occurs generally in an epidemic form and is infective from 
its very beginning. Its distribution is universal, and the 
disease is independent of climatic influences. Children 
under the age of five are mostly affected, and the mortality 
is greater among males than females, especially among 
children under two years of age. The death-rate is 
higher among the poor and in overcrowded localities. 

The incuhation period is fairly constant and is ten to 
eleven days in most cases, although it may be as short 
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as six and as long as fifteen, days. A true relapse is 
rare, although second attacks are not very uncommon* 

iffitiology. — The specific cause is unknown, although 
experiments on monkeys have demonstrated that the 
virus is filtrablc through porcelain bougies capable of 
holding back all known bacteria. The infcctivity is 
probably lost by the time convalescence is reached. The 
nasal and bronchial secretions seem to carry the virus, 
the scales having been found non -pathogenic for monkeys 
even at the height of the disease. Direct contact with a 
previous case of measles is the most important factor in 
the spread of the disease. Its propagation may be 
effected indirectly through the agency of infected articles. 
The infection may be given off by the breath and mucus. 
The poison is also diffused through the medium of air and 
infection probably occurs by inhalation. Hektoen experi- 
menting on human beings has shown that the cause of 
measles is present in the nasal secretions, scrapings of the 
skin, and the blood of patients during the earlier part of 
the eruptive stage. He further states that the chief 
bacteria in measles are — (1) The diplococcus of Tunni- 
cliff in the mouth and throat ; (2) Influenza bacilli ; 
(3) Haemolytic streptococci. 

It is highly contagious in the pre -eruptive stage, and 
since the nature of the disease is not recognized at this 
period most damage is done. 

Quarantine. — ^For contacts, eighteen days, for the sick, 
until aesquamatiou and subsidence* of the catarrhal 
condition are complete. 

Prevention. — This is a most difficult disease to handle, 
since the long period of incubation and the. four days of 
infectiveness before the appearance of the rash render its 
conduct talmost impossible. It is most important that 
the suspicious cases should be early isolated wthout 
waiting for the rash to appear. Infected clothes, bed- 
room, etc., should be properly disinfected. Application 
of carbolised oij or glycerin prevents the infection from 
being carried about by the air. Richardson and Connor 
successfully immunized six children, who have been 
definitely exposed, by intramuscular injection of immune 
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serum. The serum being prepared from convalescents 
from four to forty days after the appearance of the rash. 

The following measures exercise considerable control 
over the spread of the disease : — 

1. Compulsory notification. 

2. Prompt notification to the sanitary authority by the 
schoolmaster of the occurrence of any case amongst the 
scholars, and by the sanitary authority to the school- 
master of any case occurring in the homes of any of the 
scholars. 

3. In case of any exceptional prevalence the school 
should be closed. 

1. Removal to hospital of, at any rate, the earlier cases. 

Tuberculosis 

Tuberculosis is a chronic infectious disease caused by 
tubercle bacilli. This includes pulmonary phthisis, 
scrofula, lupus, meningitis, and tabes mescnterica. Men 
and all domesticated animals may suffer from tuberculosis. 
Goats arc immune to this disease. The disease prevails 
equally in temperate and tropical climates, although it 
is comparatively rare m colder regions. It is worse in 
crowded localities and is less in highlands than in lowlands, 
and on the sea coast than in the interior — due perhaps 
to greater dryness and purity of the air and soil. 

In the British army the death-rate is 0.17 per 1000, in 
the native army 0*52 per 1000, and in the jails 3.21 per 
1000. The mortality has been steadily rising in Calcutta 
since the epidemic of influenza in 1918. In 1921 there 
were 2,208 deaths as against 2120 in 1920. During the 
period of 1913-17 the mortality fell from 2,196 to 1589, 
while during 1917-21 it has risen from 1539 to 2,208. 

No race is exempt from the disease, but it is said that 
coloured races suffer most. Both sexes appear equally 
liable, but the rate of progress of the disease is apparently 
more rapid in females than in males. The purdah system 
is to a large extent responsible for the increased incidence 
of tuberculosis amongst women. It occurs in all ages, 
but is comparatively rare below 5 ; from 10 to 20 there 
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is a great increase, which becomes greater year by year 
till the latter age is reached. This is followed by a still 
greater increase during the decade from 20 to 30, and a 
decline in later years. 

Tubercle bacilli have been found at birth in the calf of a 
tuberculous cow and also in the human foetus. But the 
weight of evidence is in favour of the doctrine that direct 
transmission of tuberculosis from parent to offspring, 
while possible, is very infrequent. 

etiology. — The bacillus is a minute organism 2 to 6 
long. It is very thin, motionless, and rounded at the ends. 
It is stained by the 2iehl-Ncelsen method and shows a 
beaded appearance— clear spots alternating with the 
stained parts. The bacilli are usually straight or often 
slightly incurved. They are aerobic and retain their 
vitality for a long time outside the body. They thrive at 
a temperature of 82° to 108° F., and outside the body 
their existence is only of a parasitic nature. They can 
live for about six months in a dry state, but are readily 
destroyed by boiling or by sunlight. 

Koch maintained that human tuberculosis is different 
from bovine and that it is not transmissible to cattle. He 
further holds that bovine tuberculosis is not dangerous 
to man. This view, however, did not meet with general 
support, and the whole question w'as referred to a Royal 
Commission, and their report (1907) is as follows : 

There can be no doubt but that in a certain number 
of cases the tuberculosis occurring in* the human subject, 
•especially in children, is the direct result of the introduc- 
tion into the human body of the bacillus of bovine tuber- 
culosis ; and there also can be no doubt that in the majority 
at least of these cases the bacillus is introduced through 
cow’s milk. Cow’s milk containing bovine tubercle 
bacilli is clearly a cause of tuberculosis and of fatal 
tuberculosis in man.” 

Modes of Infection. — 1. Inhalation . — The bacilli leave 
the human body mainly in the sputum, and from the 
point of view of prevention expectoration should be 
regarded as a great source of danger in most cases. The 
bacilli also leave the body through other discharges. Thus 
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the fseces and urine, in cases of tuberculosis of the 
intestine and genito -urinary tract respectively, as also the 
discharges from any tuberculous ulcers contain the bacilli. 

Dried sputum on handkerchiefs, clothing, bedding, 
walls, floors, etc., is often carried about by wind in the 
form of dust, and constitutes the most fertile source of 
infection. The likelihood of infection is greater in propor- 
tion as persons are dirty br careless in respect of the 
disposal of discharges. Cornet and others have in fact 
demonstrated living organisms in the dust and open 
objects of r'ooms where tuberculosis patients lived or were 
careless with their sputum. In other words pulmonary 
tuberculosis^ has been regarded as an air-borne disease, 
although some appear to think that this sort of infection 
has no practical value, and hold that although dust under 
certain conditions may contain the germs, they die when 
exposed to the sun and air. Indeed the dust of the open 
air rarely contains living bacilli ; and even if they do 
survive, the dilution is enormous. But the organisms 
remain alive for a long time in dark and moist places ; 
and a dusty atmosphere although may be free from the 
specific bacilli is exceedingly dangerous inasmuch as it 
irritates the mucous membrane of the nasal passages and 
opens the door for infection. 

Although thc^ disease is not now regarded as air-borne 
in the strict sense of the term, it has been pointed out 
that speaking, coughing, snbezing and other expiratory 
efforts often allow the contents of the mouth to be sprayed 
in the air in minute particles. These particles may 
contain the germs of any infection that may be in the 
mouth. When a person is suffering from pulmonary 
tuberculosis these droplets contain the bacilli in a virulent 
form. This sort of “ droplet infection ” is possible in 
close association with the patient in ill-ventilated rooms 
and does not take place if proper precaution is taken 
during coughing and sneezing {See p. 884). 

(6) Ingestion , — Some cases of tuberculosis, especially 
in children, occur by the bacilli gaining entrance through 
the alimentary canal. It has been definitely proved 
that the tubercle bacilli taken with food and drink may 
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produce lesions in distant parts of the body and leave no 
trace of its passage in its wake. The conclusions arrived 
at by the Royal Commission to inquire into the relations 
of the human and bovine tuberculosis are : “A very consi- 
derable amount of disease and loss of life especially among 
the young must be attributed to the consumption of cow’s 
milk containing tubercle bacilli. The presence of tubercle 
bacilli in cow’s milk can be detected though with some 
difficulty if proper means be adopted and such milk ought 
never to be used as food. There is far less difficulty in 
recognising clinically that a cov is distinctly suffering from 
tuberculosis in which case she n ay be yielding tuberculous 
milk. The milk coming from such a cow ought not to form 
part of human food, and indeed ought not to be used as 
food at all.” 

Similarly infected meat may also be responsible for 
ingestion tuberculosis. 

The presence of tuberculosis in cattle is ascertained by 
the tuberculin test which consists in injecting a small 
quantity of the glycerin extract of pure cultures of 
tubercle bacilli. If the cow is a tuberculous one, it will 
produce fever and a marked local inflammation in the 
neighbourhood of the tubercular foci. 

The following conclusion has been drawn by the first 
Royal Commission on Tuberculosis : — 

‘‘ Ordinary processes of cooking applied to meat which 
has got contaminated on its surface are properly sufficient 
to destroy the harmful quality. They would" not avail 
to render wholesome any piece of meat that contained 
tuberculous matter in its deeper parts.” 

Besides the above certain factors predispose a person 
to tuberculosis ; they are cliiefly impure air, overcrowding, 
damp soil, and insufficient food. Impure air and over- 
crowding are a constant factor of town life, especially with 
the poor. Persons living in ill-ventilated damp rooms and 
on a diet deficient in protein elements are more susceptible 
to tuberculosis. This is what usually happens with the 
poor who live in hvMees\ When the houses are built on 
the vicious system known as ‘‘ back to back,” impurity 
of air is inevitable which no doubt predisposes the occu- 
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pants to tuberculosis. Adenoids, or enlarged tonsils, or 
enlarged turbinates cut off fresh air and are predisposing 
factors. 

Prevention. — The prevention of tuberculosis depends 
on the fact that without the tubercle bacillus there can be 
no tuberculosis. The bacillus must therefore be either 
destroyed or rendered innocuous. The general characters 
and life history of the bacillus indicate that sunlight and 
fresh air are inimical to its growth. As the disease is 
chiefly propagated by the carriage of the bacillus from an 
affected to an unaffected individual the secretions and 
excretions of the former require careful attention. The 
precautions may more conveniently be considered under 
the following heads - 

A. Public Measures . — Considering the high rate of 
mortality from pulmonary tuberculosis and the frequency 
with which the disease attacks persons of working ages and 
the long duration of illness it is important that every 
community, large or small, should be made to understand 
the significance of preventive measures, which include 
improved general sanitation. The public should be 
informed by every means that tubereulosis is a preventable 
and often a curable disease, and should be impressed with 
the importance of light and air. They should under- 
stand that well-devised measures for the increase of light 
and air throughout the town are worth spending money 
on. There should be ample open spaces, gardens, and 
parks in and near to all congested localities. Factories, 
lodging houses, offices, and places of assembly should be 
regularly inspected, and in all such places provision should 
be made for the reception of sputa. Indiscriminate 
spitting in the streets, public places, conveyances, etc., 
should be forbidden by law. It is high time that such 
expectorations should be considered as “ nuisance.” 

It is also desirable that the public should be informed in 
simple but definite fashion regarding tuberculosis and its 
prevention. Provision should be made in all asylums, 
jails, cantonments, etc., for the separation and suitable 
treatment of patients suffering from tuberculosis. The 
possibility of the introduction of the disease through milk 
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:and meat should not be lost sight of ; and all dairies and 
rslaughter houses should be examined periodically and all 
:suspected animals seized or confiscated. 

B. Private Measures . — Every one should be impressed 
with the fact that consumption is not contracted by expo- 
sure to “ cold ” simply. Light and air increase the resist- 
ing power of the cells of the respiratory organs. Bed- 
rooms, sitting-rooms, assembly rooms, etc., should be kept 
open, and the more widely the better. Delicate children 
should undergo suitable lung gymnavstics ; these must be 
directed towards the production of a healthy form of chest 
and the correction of any existing structural deformity. 
The more the individual is in the open air the less risk 
is there of contracting the disease. 

The consumptive should not sleep in the same bed with 
another and if possible not even in the same room. He 
should not, as a rule, marry. A consumptive should avoid 
kissing, and a consumptive mother should not suckle. 
Infection may be prevented from being carried into other 
parts of the body by insisting on the patient not to swallow 
the expectoration. Whenever possible a consumptive 
should change his occu])ation. If he has a sedentary 
habit and indoor life he must exchange it for outdoor 
occupation even at the risk of reduction of his income. 

The patient should expectorate in a vessel containing 
carbolic acid lotion or other disinfectant. The vessel 
should be changed as often as possible and every time 
cleaned and washed with boiling water. The contents 
should be poured down the water closets or cremated 
along with soiled rags. Rooms occupied by consumptives 
should be carefully disinfected. In all suspected cases 
bacteriological examination of the sputum should be made 
in order that general prophylactic measures may be taken 
-early. 

The following precautionary advice is given to con- 
sumptive patients in Brighton * 

Precautions for Consumpitve Persons 

Consumption is, to a limited extent, an infectious 
<Iisease. It is spread chiefly by inhaling the expectora- 
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tions (spit) of patients which has been allowed to become 
dry and float about the room as dust. 

Bo not spit except into receptacles, the contents of which 
are to be destroyed before they become dry. Jf this simple- 
precaution is taken, there is practically no danger of infec- 
tion. The breath of consumptive persons is free from 
infection. 

The following detailed rules will be found useful, both 
to the consumptive and to his friends : — 

1 . Expectoration indoors should be received into small 
paper bags and afterwards burnt. 

2. Expectoration out of doors should be received into 
a suitable bottle, to be afterwards washed out with boiling 
water ; or into a small paper handkerchief, which is after- 
wards burnt. 

3. If ordinary handkerchiefs are ever used for expec- 
toration, they should be put into boiling water before they 
have time to become dry ; or into a solution of a disin- 
fectant, as directed by the doctor. 

t. Wet cleansing of rooms, particularly of bedrooms 
occupied by sick persons, should be substituted for 
“ dusting ” and sweeping. 

5. Sunlight and fresh air are the greatest enemies of in- 
fection. Every patient should sleep with his bedroom 
window open top and bottom, a screen being arranged, 
if necessary, to prevent direct draught ; and, if possible, 
occupy a separate bedroom. The patient need not fear 
going out of doors in any weather, if warmly clad. 

N.B. — The patient himself is the greatest gainer by 
the above precautions, as his recovery is retarded and fre- 
quently prevented by renewed infection derived from his 
own expectoration. 

6. Persons in good health have little reason to fear the 
infection of consumption. Over-fatigue, intemperance, 
bad air, dusty occupations, and dirty rooms favour con- 
sumption. 

The excellent results obtained from the treatment of 
tuberculous cases in suitable sanatoria is now a settled 
fact, and it is necessary to secure for the public the advan- 
tages of sanatorium treatment. In India there are twa 
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such sanatoria— one at Dharampur near Simla, and the 
other at Bhowali near Nainital. Apart from the curative 
effect of the sanatoria they have the advantage of segregat- 
ing the patients, a most important preventive measure 
in this as also in other communicable diseases. 

Tuberculosis dispensaries should be established in 
important centres. These will help diagnosis and treat- 
ment, and from a preventive point of view teaching the 
consumptives on the ways to take care of themselves. 
Much social service work can be done from these dispen- 
saries. 

In places like Calcutta where the disease is common it 
is necessary that the room in which a patient suffering 
from tuberculosis lived or died should be thoroughly 
disinfected. This is absolutely neglected at present 
with the result that the bacilli harbour in the infected 
room and are carried about with the dust and infect 
others. The room, in fact the entire house, should be 
lime washed and the doors and window^s painted. But 
in all cases the room must be thoroughly and entirely 
disinfected. The walls, the ceiling and the floor should 
first be carefully dusted with a brush or cloth soaked in 
perchloride solution. This procedure will prevent the 
infected dust from being blown about. The room should 
then be freely and thoroughly washed ^yith some disin- 
fectant solution or fumigated with formalin vapour. All 
clothes, bedding, etc., should better b,e burnt, otherwise 
disinfected by steam. Similarly, rags, handkerchiefs,, 
soiled by the patient should also be destroyed by fire. 
Privies, bathroom, etc., require the same attention as 
these are often spoiled by expectorations, etc. 

Beriberi and Epidemic Dropsy 

Beriberi is a specific form of multiple peripheral neuritis 
characterised by special liability to the implication of the 
pneumogastric nerves, and a liability to oedema of the 
connective tissues and to effusion in the serous cavities. 
The name is probably derived from the Singalese word 
“ beri ” meaning weakness ; beriberi signifying great weak- 
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ness. It occurs endemically, or as an epidemic in tropical 
and sub-tropical countries, ships, asylums, etc. 

Distribution. — It is endemic in the Far East and is a 
scourge in Malay and Eastern Archipelago. It is common 
in China, Japan, India and the Philippines, and also 
amongst the Chinese wherever they live in large numbers. 
The Chinese of Calcutta are equally liable to this disease. 
In short the disease prevails whenever man eats polished 
rice. 

/Etiology. — Beriberi attacks both sexes and is rare in 
the two extremes of life. It affects both the rich and the 
poor — the former being more commonly attacked. It is 
common in prisons, asylums, and such other place where 
people are confined indoors. In the Malay States it is 
very prevalent amongst the miners. Although epidemics 
may occur at any time of the year, it is very common 
during the hot season, and in places where the tempera- 
ture is hot all the year round it may appear at any time. 
The incidence of the disease is greatest amongst those 
whose diet chiefly consists of rice, although all rice-eating 
races are not affected. 

Many theories have been put forward from time to time 
to explain the cause of beriberi, and it is only lately that 
anythinglike approximately accurate knowledge as to the 
causa causans of the disease has been attained. The first 
view is that the* neuritis is due to deficiency of food or of 
certain known essential ingredients of food, i.e. starvation 
or partial starvation. This view has been strongly advo- 
cated by some .Japanese authorities, especially Takaki, 
w’ho considers the essential cause of the disease to be 
insufficient nitrogenous food — nitrogen starvation.” 
The second is that some unknown essential for the projier 
nutrition of the nerve is absent from the dietary and that 
this essential when withheld long enough results in nerve 
degeneration. According to this hypothesis beriberi is 
due to the absence of some essential in the food which is 
only required if rice be the main article of diet. 

The observations of Fraser and Stanton go to prove 
that the neuritis in beriberi is due to the deficiency 
of a substance residing in the outer layer of rice called 
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vitamin, which is removed during polishing. This 
substance is rich in phosphorus, but the antineuritic 
property does not depend on the presence of phosphorus, 
inasmuch as this property is not diminished even after 
the removal of the phosphorus or phosphorus containing 
substance. It has also been found that if a pigeon is 
fed on polished rice alone it suffers from symptoms of 
beriberi, i.e. shows signs of neuritis, loses weight, and 
if this diet is persisted in it dies with all the signs of 
multiple neuritis. But if a small dose of vitamin or some 
of the polishings of the rice, i.e., the dust or remains of 
the pericarp which had been removed in the process of 
milling be given, it will gradually lose the signs of 
neuritis, gain in weight and recover. 

Acting on these observations the use of white or 
polished rice in jails, asylums, schools and hospitals has 
been strictly forbidden in Singapur and other places with 
the result that beriberi which hitherto had been the cause 
of enormous mortality has been practically banished 
from these institutions. 

It is possible, as suggested by Daniels, that the causes 
of beriberi may be many, and that the cases of general neu- 
ritis at present included under this head are due to several 
causes, and should be sub-divided aecordingly, and that 
there is not only one, but that there are many forms of 
nerve degeneration included under the term beriberi. 

Although deficiency of certain accessory food factors 
is the essential etiological agent in the genesis of beriberi 
yet the infections and parasitic agencies cannot entirely be 
ignored. There arc a number of cases which cannot be 
accounted for as due to the absence of certain accessory 
food factors only, and without the possibility of infection 
their occurrence cannot be explained. 

The condition known as epidemic dropsy is only another 
phase of beriberi, although some still seem to hold it to 
be a different clinical entity. 

Epidemic dropsy is characterised by oedema and anjcmia, 
and preceded in most cases by gastro-intestinal distur- 
bance, fever, and irritation of the skin. It often occurs 
in epidemic form, death being sudden, often due to oedema 
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of the lungs and cardiac complications. The sudden 
•onset of the disease and the gastro-intestinal symptoms 
which frequently precede the attacks arc much more 
suggestive of intoxication than of a food deficiency. 
Furthermore instances are not wanting when a healthy 
person shows definite symptoms of the disease within a 
few days of his arrival in the affected area and whose 
diets can in no way be considered deficient in any of the 
different accessory food factors. 

The first systematic account of epidemic dropsy was by 
Col. K. MacLeod, based on the disease which appeared in 
Calcutta in the cold weather of 1877-78, 1878-79, and 
1879-80. It broke out in Shillong and Assam in 1878 
and at Dacca in 1879. It was carried to Mauritius in the 
cold weather of 1878 where it prevailed until 1879. 
Lovell published an account of this disease as seen in 
Mauritius and claimed that it was not contagious. 

Stray cases were reported in 1907 and 1908, and in the 
year 1909 it occurred in an epidemic form in Calcutta. 
Greig showed that the incidence of epidemic dropsy 
coincided with periods of high food prices and famine 
conditions. He found no causative organisms in the 
fluids or tissues of the patients. 

/Etiology.— Age and Sex, Both sexes are affected, 
though the incidence is greater among the females. The 
majority of casts occur between the ages of 20 and 40. 
Children and old people are less affected. 

Race . — The Hifidus, Mahommedans, and Indian Chris- 
tians are all affected. It is comparatively less among 
Eurasians, and still less among Europeans. 

The deaths in the epidemic of 1 909 was 433 of which 
"283 were among females. It diminished in subsequent 
years, in 1910 it came down to 171, and in 1911 to 20 
only. 

Greig, after a careful study of the epidemic of 1909, 
came to the conclusion that no causa rnorbi is to be found in 
the blood, oedematous fluid, etc., of these cases. The 
disease closely resembles ship beriberi or war oedema and 
is a nutritional disease due to “ one-sidedness ” of the 
dietary of the people affected. In other words it is 
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.supposed to be due to want of certain accessory food 
factors or vitamins. 

Prevention.™ Whatever may be the true cause of the 
'disease certain preventive measures have already proved 
to be highly effective. As soon as the disease breaks 
out in institutions like asylums, jails, schools, the whole 
place, if possible, or at least the infected quarters, should 
be vacated, and not reoccupied till they have been 
thoroughly cleaned and disinfected. Thorough ventila- 
tion should be enforced and overcrowding as far as 
possible avoided. The ration should be revised and 
where rice is the staple food it should either be excluded 
or considerably reduced and substituted by meat, 
peas, beans, wheat, and milk, i,e,, substances rich in 
antineuritie vitamin. Polished rice should be entirely 
stopped. In asylums or jails, where there is a possiblity 
of its breaking out, the knee jerks should be tested and 
legs examined for a‘dema and hypersensitiveness, ana 
any suspicious case isolated at once. Marmite or yeast 
extract, wheat atta and ground nut (arachis nut) are rich 
in anti-beriberi vitamin, and their use in the diet is not 
only an efficient ])rophylactic but a valuable remedy in 
the treatment of beriberi. 

Summary of preventive measures : — 

1 . The rice should be fresh parboiled. 

2. It should be stored only for a short time in well 
ventilated and dry places. The old stock should not be 
mixed with the fresh one. In the form of paddy it can 
be kept for a long time without being infected. 

.3. If the disease appears, the supply of rice should 
be regarded as unfit for use. The store -house or other 
receptacles where the rice was kept should be considered 
as infected and likely to contaminate any fresh rice. 

4. In an outbreak not only those affected, but also the 
people of the house should stop taking rice. 

5. Diets rich in vitamin B,, e.g., eggs, meat, dal, fresh 
vegetables are of special value. 

6. The diet should be healthy and a sufficient supply 
of fresh proteins, fats, vitamins and phosphorus are 
‘essential. 
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Babies 

Rabies or hydrophobia is an acute, speeiiic disease^ 
communicated from a rabid animal to a susceptible 
animal, usually through a wound produced by biting. 

i^tiology. — Although all mammals are susceptible to 
rabies, it is generally contracted by man from some domes- 
tic animals, usually dog. Some of the worst cases of 
hydrophobia in India are due to the bites of mad jackals. 
The infection is usually conveyed by means of bite, and as 
the specific poison is contained in the saliva of animals 
suffering from the disease, infection may be conveyed by 
simple licking, should there be any fissure or abrasion 
on the skin. 

Rabies exists practically all over the world, but it has 
been stamped out by strict regulation in England. In 
India where every village is overrun by large numbers 
of unowned pariah dogs and where jackals abound the 
question of reducing their number will be evident from 
the figures of the Pasteur Institute at Kasauli, where 
17,500 people were treated during the period 1902 to ] 912, 
and of these about 15,000 cases were from bites of dogs, 
and 2500 by jackals ; the remaining cases being due to 
bites by horses, cats, cows, etc. The above, however, 
is not by any means the exact figure showing the actual 
number of cases-, as the poor and the uneducated hardly 
ever avail themselves of the Institute, but have recourse 
to local indigenouc, treatment. 

Seat of Virus. — At the autopsy of the man or animal 
died of rabies the virus is always found in the brain, 
medulla, cord, and the peripheral nerves. It is also 
present in the salivary glands whence it passes to saliva. 
The presence of the virus in the saliva greatly depends on 
the site of the inoculation. If the dog is inoculated in the 
eye the saliva becomes virulent three days before the 
appearance of the actual symptoms of the rabies. Once 
the symptoms have set in, the animal rarely lives longer 
than ten days. It is important to note that if the 
animal lives more than one week after biting a man the 
saliva at the time of the bite cannot have contained 
the poison. 
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Incubation Period.- This is extremely variable. The 
average period is as follows : ]\Ian, forty days ; dog, 
twenty-one to forty days ; horse, twenty-eight to sixty 
days. The incubation period depends upon 

1 . Site of the wound. 

2. Relation of the nerve. 

3. Amount of the virulence of the virus. 

It is probable that the long period of incubation is due 
in part to the fact that the living principle reaches the 
central nervous system, but remains dormant until 
favourable conditions help multiplication and the produc- 
tion of toxic effect (Joseph Koch). 

Prophylaxis.— This may be considered under three 
heads : 

1. Treatment of wounds. 

2. Control of disease in dogs. 

3. Pasteur prophylactic treatment. 

1 . 2'rcatment of Wounds. — The wound siiould be 
thoroughly washed, dried, and then carefully cauterised as 
soon as possible after the infection. Each separate tooth- 
mark sliould be touched with either pure nitric acid or 
carbolic acid, or, in the absence of either, with permanga- 
nate of potash. The acid is best applied with a glass rod, 
care being taken that the pockets and recesses do not 
scape. Caute"*sation, however, should not be considered 
as absolutely safe, but if carefully applied it destroys a 
considerable portion of the poison, and thus gives the 
Pasteur treatment a better chance of success. 

2. Control of Disease in Dogs. — This is attained by 
muzzling and quarantine of dogs, and is by far the best 
method of preventing and exterminating the disease. In 
England the disease entirely disappeared with the intro- 
duction of compulsory muzzling and quarantine for six 
months of all imported dogs. Besides these the following 
additional measures may be adopted to control the dog 
question : {a) destruction of all ownerless dogs; (6) owner 
held legally responsible for damage inflicted by their dogs ; 
(c) compulsory notification of all cases of suspected rabies. 

3. Pasteur Prophylactic Treatment. — The object of 
Pasteur treatment is to secure active immunity against the 

32 
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disease by gradually increasing the doses of the rabies 
poison into the patient during the long interval that usual- 
ly intervenes between the bite of rabid animal and the 
development of the symptoms of hydrophobia. Unless 
perfect immunit}'' can be secured during the incubation 
period the treatment will fail. It is useless when once 
the symptoms have developed. No time should therefore 
be lost in sending the patient to the Pasteur Institute 
at Kasauli, Coonoor, or Shillong. The modified procedure 
recommended by Semjile at Kasauli is to make an 8 per 
cent, dilution of the medullas of rabbits which have died 
after inoculation with rabies, in normal salt solution to 
which 1 per cent, carbolic has been added. This is kept 
for twenty-four hours at 37® C. ; then diluted with equal 
volumes of sterile normal salt solution and stored in a 
cool place away from light. Thus the vaccine is a 4 per 
cent, dilution with 0,5 per cent, carbolic. 

Diagnosis of Rabies in Dogs. — This may be done in 
three ways : 

1. From the symptoms. 

2. From the presence of Negri bodies. 

3. By animal inoculation. 

1. The course of the disease may be divided into three 
stages : prenionitory stage ; stage of excitement and 
paralytic stage. The first two stages may be transient or 
absent, when it i':^ generally known as dumb or paralytic 
rabies.” Tne first symptom noticeable is the change in 
the disposition of The animal. It is easily excited and 
becomes restless and subsequently may become furious and 
even show signs of delirium. It rushes about attacking 
every object, and dogs suffering from furious rabies often 
run long distances (20 miles or more) biting and inoculating 
men and animals on the way. Paralysis, however, very 
soon sets in, first starting on the hind legs and then be- 
coming general. The course of the disease is always 
rapid, from four to five days, rarely exceeding ten 
days. 

2. The presence of Negri bodies in the brain of the 
rabid dogs is constant and is considered as practically 
conclusive evidence of the existence of rabies. These 
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bodies should always be searched for. In the search for 
Negri bodies the following rules should be observed : 

(a) Do not kill the animal immediately after it bites 
the victim, but keep it under observation for ten days. 
If it remains healthy, this is absolute proof that the 
animal was not suffering from rabies. If, however, the 
animal shows signs of illness either allow it to die naturally, 
or kill after three or four days. 

(b) Do not shoot the animal in the head. Remember 
if the brain is destroyed, or blown out, or badly damaged 
it may render satisfactory examination impossible. 

(c) Send the whole head to the laboratory well packed 
in ice. 

2. The diagnosis by inoculation test has been given up 
in favour of the foregoing methods, as this requires so 
much time (owing to the long period of incubation) that 
it is of no practical value in deciding whether or not the 
Pasteur treatment should be adopted. 

Influenza 

Definition. — An acute specific infectious disease 
characterised by fever, with symptoms affecting mainly 
respiratory, digestive, and nervous systems, and by 
severe prostration. 

History. — ^Every quarter of the globe has been the 
scene of visitations of epidemic influenza. The first 
appearance of the disease in Spain caused it to be known 
as ‘‘ Spanish influenza ” in contrast ^^^ith the “ Russian 
influenza ’’ of previous epidemics. During 1918 an excep- 
tionally widespread epidemic appeared, which affected 
the inhabitants of practically every continent. This 
epidemic not only caused directly or indirectly, a very 
large number of deaths which in India alone were compu- 
ted to exceed five millions, but left behind it a legacy of 
minor ailments with consequent national debility. 

Although previously severe and world-wide epidemics 
have been known to occur, in none were the spread and 
mortality so alarming as in the epidemic of 1918. Small 
localized epidemics have occurred and sporadic cases 
have continued throughout the year 1919 and 1920. 
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^Etiology. — The organism responsible for the epidemic 
of influenza has not been definitely identified. The weight 
of evidence still points, however, to the bacillus, called 
the bacillus of Pfeiffer being the cause ; at all events it is 
intimately associated with the disease. Judging from 
clinical and epidemiological standpoints, the disease 
which appeared in India was identical with the last 
great pandemic of influenza which occurred in 1890-91. 
Pfeiffer’s bacillus, the pneumococcus, and the strepto- 
coccus, seem to be responsible for most of the fatal 
complications of influenza. 

Influenza is a disease which exhibits an intense in- 
fectivity, and an incubation period which is relatively 
very short, i,e,, from 6 to 48 hours. It is commonly be- 
lieved that the disease is spread by the infected secretions 
of the throat and nose of infected persons finding lodgment 
in the nose and throat of uninfected people. The com- 
monest means by which this occurs is by coughing and 
sneezing, especially in confined spaces. 

Prevention. — A, Education of the Public with regard to 
the following : — 

1. Avoid infection as much as possible. 

2. Cultivate healthy and regular habits, take regular 
exercise, eat good food, and avoid fatigue, chill and alco- 
holism. Healthy living makes the patient better able 
to withstand the complications which may be fatal. 

3. It is most infectious in the earliest stages ; and 
coughing, sneezing, spitting* and hawking in public places 
are dangerous. 

4. It is not always possible to avoid infection, but the 
risk can be lessened b}^ 

(a) working and sleeping in well-ventilated rooms ; 

(h) avoiding crowded gatherings and close ill-venti- 
lated buildings, or carriages ; 

(c) wearing warm clothing ; 

(d) irrigating the nose with saline solution ; 

(e) wearing in certain instances a mask of pres- 

cribed pattern. 

5. Those attacked should 

(a) either go to hospital, or go to bed and keep warm ; 
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{b) occupy, if possible, a separate bedroom or a 
bed that is screened off from the rest of the 
room ; 

(c) not return to work, until convalescence is well 

established, and during convalescence should be 
extremely careful to avoid chill which may 
induce a relapse or complications ; 

(d) avoid meetings and places of entertainment for 

at least one week after the temperature has 
become normal. 

B. The Closing of Schools, Cinema Halls, etc , — 
Regarding these measures universal recommendations 
■cannot be made. The widespread depression in the minds 
of the general population during epidemic times must 
be remembered. Such depression may be a predisposing 
factor in the occurrence of the disease, and it is felt that 
if measures were passed such as closing all theatres and 
resorts of amusement, the effect on the public health might 
be worse than if nothing was done at all. 

As regards closing of schools it should be remembered 
that if children were taken from well ventilated schools 
they might add to the congestion of already overcrowded 
houses. This matter must be left to individual localities 
to settle, bearing in mind that it is necessary to limit the 
number of unnecessary gatherings and that it is necessary 
to keep up the morale of the public. In this connection 
attention should be drawn to the da niters associated with 
travelling in cars and carriages. It is believed that a 
fertile source of the spread of infection occurs in over- 
crowded railway carriages, tram cars, etc. The preven- 
tion of overcrowding should especially be insisted on at 
such times and scrupulous cleanliness of carriages and 
ears be enforced. 

C. The Wearing of Face Masks, — Opinions are divided 
as to the efficacy of this measure, it largely depends upon 
their construction. The masks should be of very close 
woven muslin or gauze. Recent work in America would 
seem to point to a gauze with a mesh 44 by 40 to the 
inch ; three to six layers of fine muslin should form the 
mask and they should be applied so as to cover the 
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nose and mouth completely. The gauze is cut 8 inches 
wide and 23 inches long. 

The use of these masks should be made compulsory 
among nurses and attendants in hospitals which admit 
influenza patients and might be adopted in houses where 
cases of influenza are present and among volunteers and 
others who come in contact with the sick. 

Another suggested use of face masks is by barbers, 
dentists, etc., M^hose occupation brings them into close 
contact with a number of persons, and who if incubating 
the disease may otherwise infect their clients. 

D. Isolation . — Insistence upon isolation of influenza 
cases in India is impossible. Every case, however, of 
influenzal pneumonia should be rigorously isolated as the 
germs present in post-influenzal pneumonia are themselves 
infectious, altogether apart from the causative organisms 
of influenza. Hospitals should attempt to separate un- 
complicated influenzal cases from those suffering from 
secondary pneumonia. 

E. Sprays and Gargles . — The use of disinfectant 
sprays and gargles is not recommended. Disinfectants 
are apt to remove the protective mucus of the throat and 
mouth ; to cause irritation of the mucous membranes or 
lining membranes of these cavities and so predispose to 
the lodgment of infective material. They can hardly be 
used strong enough to be protective without causing 
violent irritation. 

The use, however, of a solution of common salt one 
teaspoonful to a pint or 20 ozs. might be productive of 
good results if used as a gargle or sniffed up the nose, as 
it will produce an excess of the normal secretions of the 
nose and throat and thus lead to the washing out of micro- 
organisms. The Royal College of Physicians recommends 
20 drops of Liquor Sodse Chlorinatjc in a tumbler of warm 
water to be used as a gargle at least twice a day. 

F. Disinfection . — With regard to the disinfection of 
infected rooms, it seems fairly established that ordinary 
cleansing with water, airing and sunning effect as much 
good as the use of actual disinfectants. All handker- 
chiefs, sheets and clothings, recently soiled (within 48 
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hours, as drying kills the infective agent) should be boiled 
or otherwise sterilised. 

The periodic disinfection on the above lines of public 
places, e.g,, railway waiting-rooms, trams, rolling-stock, 
dak-bungalows, serais^ etc., v/hich in epidemic times 
may be taken to be infected, is also strongly recom- 
mended. 

G. Quarantine,- -A limited measure might be prac- 
tised by local institutions such as resident colleges, schools, 
asylums and jails. A jail, for example, situated in an 
epidemic area might by rigid quarantine be reasonably 
certain of keeping out infection, or at least of delaying its 
appearance. 

H. Prophylactic Vaccination . — A mixed vaccine of 
the followijig composition and doses was recommended by 
the War Oflice Committee : 

First dose Second dose 

B. influenzas 30 million 60 million 

Pneumococcus 100 „ 200 ,, 

Streptococcus 40 ,, 80 ,, 

Leprosy 

A chronic infective granulomatous disease produced by 
a specific bacillus and characterized by diseases of the 
skin, nerves, and viscera leading toMocal anaesthesia, 
ulceration and other trophic lesions. 

History. — -The disease is of great 'antiquity and there 
is some evidence that it is of comparatively recent intro- 
duction into Europe, possibly it was imported from Egypt. 
The 1st allusion of the disease in England refers to about 
the year 050. Very soon after leprosy began to decline in 
Europe it spread to the West Indies, northern pert of 
South America and Mexico, being carried by infected 
Portugese and Spanish invaders, and later by Negro 
slaves and Chinese and Indian immigrants. It is interest- 
ing to note that the aboroginal American Indians are free 
from leprosy. The whole evidence shows that leprosy” 
is a communicable disease creeping slowly^ over the whole 
world. 
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Nearly all the countries with the highest incidence of 
leprosy are situated in humid, hot tropical areas of 
Africa, Asia and America. 

The evidence of the existence of leprosy in India in 
remote periods is of a more definite character. Reference 
is made to leprosy in the 14th and 16th century b.c. and 
facts are accumulating to show that the disease found its 
way to Greece through Asia Minor. 

Leprosy now is more or less a disease of the tropical 
and sub-tropical countries, and with the exception of a 
few insignificant islands it appears to be an important 
factor in the pathology of nearly all warm climates. 

Heider estimated the lepers of the world at about two 
millions. The census of 1921 estimated 102,513 lepers 
in India with atleast an equal number of earlier unrecorded 
cases. There are about 18,000 in Bengal and 1000 in 
Calcutta. But these figures may be an underestimation 
owing to the fact that many cases are not properly diag- 
nosed or perhaps concealed. There are a considerable 
number of lepers in the Cape, a few in Australia and in 
San Francisco. 

The disease has been recently introduced in certain 
virgin soils. For instance in Sandvdeh Islands it was un- 
known before 18 18, and in New Caledonia until 1865. 

iS!tiology. — The lesions are the result, direct or indirect, 
of the proliferation of the B. lepree in the tissues. This 
bacillus closely resembles tubercle bacillus in retaining 
carbol fuchsine stairr after being treated with acid. The 
bacillus is found in all primary leprous deposit, in the 
skin Icproma, in the macular eruptions, in the specific 
lesions of the liver, spleen, testes, lymphatic glands and 
lungs. It is abundant in the purulent discharges from 
nose, ulcers and other forms of primary leprous infiltra- 
tion. It is not found in muscle, in bone, or in cartilage. 

Since leprosy is caused by a specific bacillus it is safe 
to infer that there must have been a time in the history 
of every leper when the infecting germ entered the 
body. 

The exact manner in which the organism infects 
the healthy is still obscure, although general consensus 
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of opinion is that it enters through minute lesions of 
the skin or superficial mucous membrane, specially the 
nasal passage ; and that prolonged exposure or close 
•contact vvith a leper is usually necessary before infection 
takes place. But no initial lesion has so far been 
described by any observer, nor anything to indicate 
precisely the seat or the time of infection. 

The leprosy bacillus leaves man in the nasal dis- 
charges, and in the discharges from ulcerations where 
lepromata are exposed. Blood-sucking insects feeding 
•on superficial lepromata take up the bacillus. Non- 
biting flies can also carry the bacilli from ulcers and 
discharges. 

Bed-bugs have been found to harbour the bacilli and 
capable of transmitting the disease in animals. They 
may prove to be one of the factors in the transmission of 
the disease. 

The history of the disease in all countries and among 
any class of people points to the certainty of contagion. 
In New Caledonia the spread of the disease from individual 
to individual, and from place to place, can be, and has 
been, traced. The course of the disease has been progres- 
sive when segregalion has not been enforced and retro- 
•gressive when it has. 

Various speculations as to its conveyance by food, or 
being caused by certain special articles of food have been 
made. Sir Jonathan Hutchinson strongly advocated the 
theory of its relationship with the hsh, especially of 
dried fish. On the other hand, leprosy is not unknown 
in communities that do not use dried fisn, or any sort 
of fish at all. Indeed it is difficult to understand how 
fish in any form can cause the invasion of the body by a 
bacillus which has not been found to be present in the 
fish. 

The opinion generally prevails among physicians in 
some places that leprosy is frequently communicated by 
sexual intercourse. 

The theory of heredity is now universally discredited; 
the younger the person at risk the more susceptible he is. 
’The most of the so-called hereditary eases are cases where 
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the infection has been acquired by the children of lepers* 
owing to their repeated exposure to infection after birth; 
and it is believed that the disease has been acquired 
by contagion from the parents and not by descent. 

The history of the disease shows that it is conveyed 
from man to man. Its long period of incubation and 
slow development are obstacles to the discovery of the 
means by which infection is propagated. In India 
where people walk barefoot, the disease begins in the feet 
in one-half of the cases, the presumption being the bacillus 
are contained in the soil in which they have been deposited 
by leprous discharges. 

Certain conditions favour the spread of the disease. 
They are (a) overcrowding, as happens in the streets of 
Calcutta ; (b) sociability and overcrowding at festivals ; 
(c) absence in certain places of all fears of the disease, 
and tolerence of lepers in the community ; (d) sexual 
promiscuity ; and (e) using the sam(‘ utensils for food, 
and smoking the common hookah or pipe. 

Prophylaxis. — Despite the findings of the Indian 
Leprosy Commission of 1891 it is now well established 
that leprosy is a communicable disease. The first essen- 
tial in propnylaxis is the removal of infectious cases 
from, frequent and close contact with the nealthy, especi- 
ally children and young ))ersons between 20 to 30 years. 
Cases are on record where contact with lepers, or their 
clothing, caused tnc disease. Three classes of lepers 
are to be found in big cities : 

1. Indigenous lepers who develop the disease without 
any taint on their ancestors. 

2. Children born of lepers. 

3. Pauper lepers, who migrate to cities where they 
find it easier to make a living. 

Isolation and segregation with compulsory notification 
have in many instances diminished the number of cases 
whenever they were rigidy carried out. A strict census 
should be taken of all lepers in cities, whether pauper or 
not, and their addresses registered. They should be 
forced under penalty, to live within certain specified 
areas and strict guard should be kept to prevent their 
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escape, and mixini? Avith the general public. The present 
Leper Act ” of India is not quite effective, since it does 
not enforce rigid segregation of the lepers who are a menace 
to the community. There are however certain practical 
difficulties in adopting any stringent measures wliieh have 
to be overcome ; difficulties arising from the rights of 
the individual, financial difficulties, and those arising from 
concealment and incorrect diagnosis. Fresh cases may 
be imported and these may add to the difficulties in com- 
plete and thorough segregation. A modified system of 
segregation and isolation may be introduced. Lepers 
should not be allowed to beg in the street, or to keep 
shops, to handle food and clothing, and to w^ander about 
the country as mendicants, neither should they be allowed 
to work a-s domestic servants. 

An ideal arrangement would be to classify the lepers 
in each province and segregate them by establishing 
“ leper colonies ” or “ leper settlements.” These colo- 
nies or settlements should be self-contained with shops 
and bazars, places for recreation, amusement and reli- 
gious functions, befitting the different classes of lepers. 
They should be well housed and fed witli liberty of move- 
ment within the colony. Here the lepers should be made 
happy and comfortable so that they will not be inclined to 
leave the proscribed area. In the colony the lepers 
should be utilized in different forms of fabour, like farm- 
ing, growing vegetables, keeping cows and poultries, etc. 
In fact all the work within the settlement should be done 
and managed by lepers themselves. 

Pauper lepers should be isolated in leper homes or 
colonies. But these form comparatively small part of 
the total lepers in India. In fact an ordinary respectable 
citizen vffio conceals his disease and freely mixes in society 
is a greater danger than these pauper lepers. 

The following precautions should be observed by all 
lepers — 

1 . Live in separate rooms, use separate utensils and 
keep clothes separate, which should be boiled for half 
an hour before sending for washing. 

2. They need better not use any public vehicles. 
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3* They should be cleanly in their habits and should 
avoid doing anything which may lead to dissemination 
of disease germs. 

The following precautions should be observed by 
medical men who handle lepers 

1. Wash the hands thoroughly, immediately after 
touching a leper or any article of lepers. 

2. Whenever possible vise rubber gloves when attend- 
ing lepers. 

3. In leper homes the highly infectious lepers should 
be kept separate from the less infective ones. 

1. Those coming in contact with lepers should try to 
keep good health by means of abundant fresh air and 
light, exercise and nourishing food. 

Anthrax 

Anthrax is an infectious disease of animals, but 
transmissible to man, caused by Bacillus anthracis^ which 
occurs in the blood of infected individuals, in the soil 
and various other materials after these have been con- 
taminated. The disease may be local, when it is known 
as malignant pastuJe, or general. 

The infection occurs in various ways. Thus cutaneous 
anthrax is formed by inoculation or contamination of open 
wounds, pulmonary anthrax or “ wool sorters disease ” 
by inhalation, and intestinal anthrax by ingestion. The 
last two varieties * are generally known as internal 
anthrax. 

Anthrax in lower animals. — Most of the domestic ani- 
mals are liable to the disease and are infected in the same 
way as man. Sheep and goat are most susceptible animals 
to infection by inoculation or ingestion. Cattle are easily 
infected through the alimentary canal. Cold-blooded ani- 
mals, birds, dogs and cats offer considerable resistance. 

The discharges of the infected animals may contami- 
nate the grass, and the spores under suitable conditions 
live for a long period. Healthy animals feeding on 
infected pasturage may become infected through abra- 
sions or wounds in the mouth. 
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iSItiology. — The usual 'way in which man is infected is 
Dy direct inoculation, or by inhalation of dust containing' 
spores giving rise to general infection. Infection is also- 
common during killing or skinning diseased animals. The 
disease is specially common with those who deal in hides. 
Cases are also on record where the infection occurred by 
using infected shaving brushes. It has been suggested 
that the poison may be carried by flics and other insects. 

Prevention.--!. Disinfection of horse -hair, hides and 
other substances liable to harbour the bacillus. Disin- 
fection by steam however damages the skin. 

2. Proper ventillation to carry off the dust. 

3. Handling of bales, etc., should be reduced to a 
minimum, and the hands of the workmen should be free 
from abrasion and protected by gloves. 

4. Hides should be soaked in a solution of 1 to 2 p.c. 
tannic acid and 1 in 200 of mercuric chloride. Bales of 
horse-hair are very difficult to disinfect as the steam will 
not penetrate pressed bales. Steam can be of use only 
when the horse-hair is spread out. Boiling for 30 minutes 
is quite useful. 

5. All workers should thoroughly clean themselves 
before taking food. 

6. All dust and residue in the hide godo'wns should 
be carefully collected and burnt. 

7. Early diagnosis and use of Sekvo’s serum are 
important. 
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MEDICAL INSPECTION OF SCHOOLS 

The progress of civilisation, the welfare of the individual, 
the general good of society arc contingent upon the 
efficiency of the education imparted to the children in 
schools ; and when it is remembered that from three to 
five hours daily of six days in the week for from seven to 
eight months in the year are obligatory for children and 
young lads, the importance of a careful sanitary oversight 
of schools becomes at once apparent. Unlortunately 
school hygiene is very much neglected in this country, 
although of late years some attempt in this direction has 
been made by the different Universities. Modern civilisa- 
tion demands education on a wide scale, but this will yield 
no fruitful result unless the waste of health of the future 
parents from bad air, bad food, bad light, bad seating, 
overcrowding and mingling of the sick with the healthy, 
is prevented. Omng to the fact that a large proportion 
of recruits during the South African War had to be 
rejected for ailments of many kinds, the necessity of 
increased superintendence of physical growth became 
manifest, and a Royal Commission of Physical Training 
was appointed in 1903. The findings of the Commission 
were : (1) that many of the defects found in the recruiting 
stations had their origin in early life ; (2) that physical 
training in schools could not be efficiently developerl except 
under medical supervision ; and (3) that even for the 
purpose of general education medical inspection of the 
school children was called for. 

The objects aimed at in the medical inspection of 
schools are : — 

(1) The detection of contagious diseases, thereby 
protecting the child and the community. 
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(2) The detection of physical defects which prevent 
the child from acquiring a full education with the least 
:sacrifiee to his physical welfare. 

(3) To find the capacity of the individual pupil to 
acquire knowledge in accordance with his 'mental and 
physical status. 

(t) To ensure the best possible hygienic surroundings 
for the child while he is at school. 

(5) To bring about a close relationship between the 
school and the home so as to carry out more successfully 
the other ends of medical inspection, and ensure treat- 
ment of discovered defects. 

(6) To teach the practice of hygiene and healthful 
living both in school and at home. 

To accomplish these objects trained physicians are re- 
quired. In places where it is impossible to command the 
services of the physician, the teacher, who must have 
some training, may act in the capacity of an examiner and 
refer suspicious cases to a physician. The medical inspec- 
tor should be constantly alive to his responsibilities and 
always on the alert to remedy defects. For in childhood 
many conditions may be remedied or prevented that in 
adult life may seriously compromise the health and useful- 
ness of the individual. 

One medical ins])cctor to every five thousand pupils 
is a fair average of the number of men* required for the 
work in any city. The number, however, will also depend 
upon the amount of work to be dom?, as also upon the 
number of pupils in a school, the nature of the population, 
the probable defects found, and the system of inspection 
employed. 

An examination of the health of about 2,000 students 
of Calcutta shows that, roughly speaking, only 33 per 
cent, arc free from defects. That so large a percentage 
as C7 are defective in some way or other is a matter for 
serious consideration. 

The school is generally regarded as the veritable source 
for the spread of infections amongst children, specially 
measles, whooping cough, mumps, diphtheria, chicken- 
pox, etc. It is also important to note that apart from 
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the children who actually contract the disease, the 
infections are carried home which form further foci. 

Qualifications of Inspectors.— Any competent, cons- 
cientious physician may be trained for the position of 
medical inspector. It is desirable to have a physician who 
has had previous traininsf in the diagnosis of infectious and 
skin diseases and practical knowledge in examining the 
eye, ear, throat and nose. 

The Scope and Nature of Medical Inspection. — An 

important part of medical inspection consists in the inspec- 
tion of sanitation of school-buildings and grounds. One 
cannot teach hygiene and healthful living surrounded by 
insanitary buildings wherein classes are conducted. 
Attractive, well-situated, and well-kept school-rooms are 
in themselves an object-lesson, and an incentive for the 
pupils to try to live properly. 

Twice a year — once in summer and once in winter — 
an ins|X?ction should be made, which should include every 
part of the building, including its drainage, water-supply^ 
venlile+ion, cleanliness, etc. All insanitary conditions 
should be noted and a re-examination made after some 
time to see if these have been remedied. 

Th medical inspector should begin his work by 
thorom^h ins]X'etion of the grounds surrounding the school. 
The out-houses, water-closets and urinals, ventilation, 
cleanliness, condition of plumbing and drainage, and the 
number of seats in relation to the school attendance should 
be carefully noted. The kind and condition of school- 
grounds, the presence of stagnant water and overgrowth 
of vegetation should also be noted. 

The building should be inspected for cleanliness, 
dampness of walls, presence of water, or accumulation of 
refuse. The inspection of class-rooms . includes the 
measurement of each room and the amount of vindow 
space and lighting, and the kind of tables and benches 
used. ‘ 

The water-supply is very important — the source and 
purity should be investigated where there is no filtered 
water-supply. The way the water is stored is equally 
important, and where filters are used they should be 
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examined for cleanliness, and to see if they are in working 
order. 

The systematic examination of all pupils on admission 
should be made and results recorded in a schedule. Those 
who require special supervision during their school course, 
those to be exempted from gymnastics, and those requiring 
special position on account of defective sight and hearing 
should be noted. The schedule containing these details 
should accompany the child all through his school course. 
With regard to the “ general constitution,” the school 
inspector must state for each child whether his constitu- 
tion is good, medium or bad. Every fortnight, and 
oftciier if necessary, the school doctor should visit the 
school and examine systematically any eases brought to 
him and record liis observations and instructions. 

Duties of Medical Inspector. - 

1. lie shall advise as to new sites and plans of new 
schools : he shall exercise a general supervision over 
the ventilation, lighting and cleanliness of the school ; 
he shall periodically iiispcct all school lavatories and other 
sanitary installations. 

2. On receiving intimation of an outbreak of infectious 
disease among the pupils attending any school, he shall 
at once enquire into the outbreak and take such action 
as may be immediately necessary, and ar soon as possible 
report the result of this enquiry to the Board. 

3. He shall advise as to the necessity of periodic 
disinfection and cleanliness of tnc school with a view to 
the prevention of disease. 

1. He shall make such examination as the Board n\ay 
require as to the mental and physical condition of the 
children selected for special classes and grant any necessary 
certificate. 

5. To the extent and in the form prescribed from time 
to time he shall examine the ptipils attending the school, 
and shall preserve and maintain on an approved schedule 
a record of the examination of each child. 

6. He shall from time to time inspect the phj^sical 
exercise given in the schools. 

88 
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7. If any child is reported as suffering from any 
ailment, or defect, or injury, he shall as soon as possible 
examine the child and give such direction as may be 
necessary. 

8. He shall, by lectures, demonstrations or otherwise, 
instruct the teachers in the methods of recognising the 
common ailments and defects of school children ; in the 
practice of first aid for school accidents ; in the general 
hygiene of the school and class room, aiul in the physio- 
logical principles underlying physical training. 

9. He shall keep such records and books as the autho- 
rities may prescribe or approve, and he shall submit an 
annual rc})ort on the work done, and make such special 
report as the executive head may n quire. 

10. He shall make ]X‘riodical visits to all the hostels 
attached to the schools and report on their sanitary con- 
dition, surroundings, cleanliness, and condition of die- 
tary. 

11. He shall insist on the schools and hostels being 
whitewashed and cleaned every six months or year. 

Method of Inspecting Pupils. - -The medical inspector 
should have a routine method of conducting physical 
examinations. As the child enters the room, the inspector 
notes his gait and in a low tone asks his name and age, 
and by the promptness or otherwise of the answer gets 
a rough idea of the condition of the hearing and 
sometimes of the mentality. He observes any abnor- 
malities of structure, differences between the two sides 
of the body, facial expression, etc. He notes the colour 
of the skin, presence of jaundice, an«‘cmia or any form 
of rash. The mouth and throat are next examined : 
the presence of an odour indicates unclcanliness of 
the mouth, carious teeth or naso-pharyngeal catarrh ; 
mouth-breathing or signs of nasal obstructions are also 
noted. Eyes are inspected for any inflammation, pre- 
sence of strabismus or ptosis. After obtaining all the 
possible data, the hearing and vision should be examined 
in detail. The examination of the eyes should have 
{Special attention, as no other organ of the body bears 
a greater influence on the child’s welfare. Children suffer- 
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ing from wordblindness, word-deafness, and moral 
imbecility den»and special provision for education. 

The following points should be noted in the schedule 
during the medical inspection of each child : 

I. General Informations ; 

Name— -age- sex — address — nationality. 

Name of School — date of inspection — class. 

Measurement — height — weight — nutrition — cleanliness 
— clothing 

II. Personal History : 

Previous illness (before admission) from infectious 
disease. 

Vaccination —re -vaccination — family history (any 

thing special, e.g,, tuberculosis.) 

III. Special Conditions : 

Teeth — nose — throat (tonsils, adenoids, etc.)— eye — • 
vision -ear- -hearing — sj)cech-- mentality. 

IV. Diseases or Deformities : 

Heart — lungs - -s}>Iecn — liver — skin -anicmia — malaria. 
Tuberculosis — riekeds — special diseases and deformities 
(ftjuint, talipes, harelip, stunted gro^^th, deformed 
chest, etc.). 

Medical Officer’s Signature : 

General Observations : 

Directions to parents or teacher with 
regard to diet, exercise, hours of 
study, cleanliness, etc. 

Action taken upon the Detection of a Case of Infectious 
Disease. — -A pupil suffering from a contagious disease, 
whether latent or mild, should be immediately excluded 
from the school. The class attended by the infected 
child is then dismissed for the day, if the disease is diph- 
theria or small -pox, to enable the authorities to disinfect 
thoroughly. In cases of diphtheria, measles, mumps 
or whooping cough, the class should be inspected for 
more cases, and smears of the throat taken for diphtheria 
bacilli of the children seated nearest to the infected cliild. 
If the scholar is treated at home, the other children in the 
house must be excluded from school until the child 
Recovers and the house disinfected. This precaution is 
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particularly necessary in cases of small-pox, cholera, 
measles, whooping-cou^h and diphtheria. 

The school authorities should insist on the pro- 
duction of a medical certificate by the scholar durinjof 
admission and also when he joins the school after a 
vacation. This should clearly mention occurrence or 
not of infectious disease either of the scholar or any 
member of the household within three weeks. 

The followinijf is a summary of regulations reejarding 
the exclusion of children suffering from infectious diseases 
or living in the same house : 


Diseases. 

Exclusion of children 
infected 

Exclusion of childien living 
in the same house. 

Cholera . 

Until discharged from hospi. 
tal or certified as free from 
infection. 

Until after 7 days from the 
date certified by H. 0 that 
the house is free from 
infection. 

Diphtheria 

2 to 4 weeks after discharge 
from hospital If treated 
at home same period sup- 
pijrted by bacteriological 
examination. 

Same as alxive, or 2 weeks or 
until bacteriological exsm, 
shows negative results. 

Measles . . 

4 weeks. 

Over 7 jt—excludo for 3 

weeks those who attend 
infant school, or who have 
not had the disease. In- 
fant»-2\ days from date 
of <'n8et of the last case. 

Mumps .. .. 

3 weeks. 

3 weeks only those who have 
not had the disease. 

Chicken-pox 

Until scabs fall off. 

Infants for 2 weeks. 

Small.pox 

Same as in cholera. 

Same as in cholera 

Tuberculosis 

Exclude if accompanied by 
cough and expectoration. 

Not to be excluded. 

Whooping Cough . . 

6 weeks or as long as cough 
remains. 

2 weeks for all excepting 
those who had the disease. 

Influenza 

2 to 3 weeks. 

10 days. 


Construction of School Buildings 

The Building . — This must be in a healthy locality and 
convenient to get at ; it should not be near to railroads, 
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noisy factories, or mills. It should have ample open 
space. 

The buildini^ proper should preferably be two-storied ; 
when space admits a school should contain, besides its 
elass room and administrative offices, a common room, 
and a gymnasium. One room should be set apart for the 
work of the medical inspector. 

I’hc foundation must be impervious to water so as to 
prevent dampness. There should be some non-absorbent 
material — natural stone, hard-burnt brick (jharna), and 
an impervious or tarred linim( between the foundation 
and the superstructure. 

If there be a basement, it should be of sulTicient height 
for light and air to ])enctrate every }:)art of it, and 
should ncv^cr be used as a store-house for refuse of any 
kind. 

Sanitary Conveniences. —Ample provision must be 
made for privies and urinals, one set for each storey. The 
urinal should be constructed of slate or stone, properly 
flushed by constant running water. Closets and urinals 
should be sufficient to meet the demands of tlic number 
of students in the school. These should be in the propor- 
tion of 5 of each for every 100 students. They can be 
located outside the main building, or may be a (h^tached 
portion connected with the main building by overhead 
bridges. In any case these should not be located too near 
the class room. Water-closets should be of such a nature 
as to allow of easy scrubbing and be provided with auto- 
matic flush. Arrang<mients must be made for a supply 
of water for washing ])urposes, and proper receptacles 
provided, which must be kept clean. In village schools 
privy arrangements must be made with all sanitary pre- 
cautions and a sweeper engaged to keep the privy clean 
after each visit. The disposal of night-soil must be 
attended to. Special care should be taken to protect the 
well or the tank from being polluted by indiseriminate 
use through carelessness of the students and the ser- 
vants. Where funds wo\dd permit installation of septic 
tank latrines should be done, as th(‘se are particularly useful 
and safe in the absence of water-carriage system. There 
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must be a separate washroom adjoining the bathroom^ 
and children should be taught to use it for cleansing hands 
and face after play or a visit to the closet. If tap water 
is available, an ordinary porcelain basin with run-off to the 
sewer should be installed. In the absence of this, ordinary 
enamel basins with the water-supply in buckets should be 
provided for. 

Water-Supply. — Special attention should be paid to the 
water-supply for drinking purposes. In villages where 
there is no public water-supply, the purity and suitability 
of water for drinking purposes must be carefully ascer^ 
tained. The tank or the well should be inspected and a 
sample of water taken for chemical and bacteriological 
examination. If water is preserved in v^essels, it must 
be under cleanly conditions, and steps taken to protect 
the water from contamination. The use of the same cup 
or glass by different individuals should be prevented, 
unless these can be cleansed each time after use. It is 
better to drink direct from the tap. In the TTnited States 
of America special arrangements, fixed on to the taps, 
have been made for drinking purposes, which consist of 
small glass cups with an automatic cut-off, from which the 
child can drink without the lips touching the glass. A 
s[>ccial tank or a deep well should be reserved for drinking 
purposes and properly guarded to prevent contamination. 
A deep tube -well with a hand-pump is quite convenient 
and useful. Where funds are not available the only 
way to avoid water-borne diseases amongst the scholars 
w*ouId be to have the water first clarified by the use of 
alum and then boiled and kept in clean vessels. 

Class Rooms. — These should be large and cheerful. 
The minimum floor space for each pupil should be 15 
sq. ft. Faulty lighting, ventilation, or sitting arrange- 
ments may directly cause many defects ; and the school 
inspector must see that school conditions are not res- 
ponsible for any of the defects in children. Receptacles 
with carbolized sawdust or some antiseptic fluid should 
be placed in the class rooms and other places for 
spitting, etc. Students and teachers should be strict- 
ly warned against spitting indiscriminately anywhere 
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and everywhere, especially on the walls and in the 
corners. 

Seats and Desks. — The most important articles of 
furniture from a sanitary point of view are the seats and 
desks. The seating arrangement is of great value inas- 
much as faulty benches often give rise to eertain ortho- 
paedic defects. In most schools the child is adjusted 
to the benches and the tables. In most of the seats it is 
impossible for the child to assume a comfortable and 
correct posture. Scats should be arranged parallel with 
one another and at right angles with the windows. 
Ordinarily desks should be 15 to 18 in. broad with a 
slope of 15® for writing and 45® for reading. The height 
of the child should be the only consideration for choosing 
desks and benches, and therefore adjustable ones are 
most suited. They should not be too high nor too 
low, too near or too far from each other. There must 
be suflieient room below the desk for the knees, and 
the desk should be low enough for the elbow and 
forearm to rest comfortably without bending the back. 
The feet should rest flat on the floor of the seat, which 
should not be wider than the hips, and the depth should 
be two-thirds the length of the hips. The construction 
of the back-rest is very important, and it should support 
the spine in the lumbar region in all positions. Any sup- 
port above the hollow of the back is unnecessary and 
encourages the slouching position. The distance between 
the seat and the desk should be such that the scholar 
may read or write on it without leaning forw^ard more 
than a little and without entirely losing the support 
of the back. It follows therefore that unless the desks 
and the benches are constructed with full regard to the 
above points there is possibility of defect in sight, inju- 
rious effects as to posture and wrong habits of carriage. 

Posture. — Every care should be taken to prevent 
the scholar from acquiring physical defects in schools. 
Posture in sitting therefore is important. Too much 
stooping posture leads to myopia, contracts the chest 
and interferes with respiration. It puts an extra strain 
on the heart, and causes curvature of the spine. 
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Ventilation.— Class rooms must be free! 3^ ventilated ; 
pure air has an important bearing on the health and vitality 
of the pupils. The air may become vitiated by the res- 
piration of the wstudents and teachers, by the fermentation 
and putrefaction of animal or vegetable organic matter, 
by dry excreta, dust from chalk, blackboard, wear of 
floors, and dirt from shoes. Germs of communicable 
diseases located in the respiratory tract of the students 
are added to the exhaled matter. These germs and dust 
particles adhere to the moist mucous membrane of the 
respiratorv tract, throat and mouth, and ma^^ later reach 
the lungs, if not removed by the excretions of those organs. 
The purit^^ of the air de])ends vu^on the eflieienc\^ vvith 
which doors and windows and other ventilating arrange- 
ments are made in the class rooms. For each scholar 
about 200 cubic feet of space, 15 square feet of floor space, 
and 1500 to 1800 cubic feet of fresh air ])er hour may be 
taken as an average requirement. Play-grounds ser\e 
the double ]>urpose of idlowing space around a school for 
light and air, and furnishing the necessary means for the 
children to obtain exercise and pleasure^ out of doors. 

School Hostels. — \o description of school hyijiene will 
be complete without some reference to the* sanitation in 
hostels where the students are housed outside the school 
hours. There are two kinds of hostels or students’ messes, 
generally known as “ licensed ” and “ unlicensed.” The 
licensed on(‘s arc unrh^r the control of the Universit\^ or 
the school or coI!ei»e aiithcwities. The unlicensed ones are 
without any control whatsoever. No amount of school 
hygiene w'ill yield any good result imk‘ss and until the 
houses where tlie students live are also bn^ught under 
the control of the Sanitary Board. According to the 
last Uni varsity Commission Report (191 9) during the v^ear 
1916-17, as many as 1,896 students were li'^ ing in un- 
licensed houses. The hostels should be periodicallv^ visi- 
ted by the medical inspector, and no student should 
be allowed to live in an)’' unlicensed hostel. In addition 
to the inspection of general sanitation with regard to 
w^ater-supply, privies, water-closets, drainage and ven- 
tilation, the medical inspector should keep an eye on the 
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food. This is of vital importance to the health of the 
present ^^eneration of students. Most of the students, 
are sickly, ill-nourished, and dyspeptic. The same Com- 
mission also discusses various causes of the unfavour- 
able conditions of health and physique of the students 
and attributes them, amonijst other causes, to under- 
feedincf, lack of exercise, bad living conditions, and 
improper diet. The medical inspector should also see 
that every student acquires a habit of eating at regular 
hours, and takes enough outdoor exercise. 

The building should be constructed on sanitary lines 
so that each room may have ample provisions tor 
cross ventilation. The room should be big enough to 
accommodate two boys Avith a floor space of at least 
300 c. ft. per head. It should not be crammed with 
furniture. One lied, one chair and a table for each scholar 
are all that is required. A shelf or an almirah may be 
supplied. Th''‘ lighting is always faulty where there is 
no provision for gas or electricity. Hanging lamps are 
convenient and more desirable than table lamps where 
the glare of the light affects the eyes. The lights of the 
corridor, common room, dining hall amd all places should 
be ])ut out after ten at night. In most hostels the lights 
arc kept burning the whole night and no one is held 
resy)onsible for these details. Wherever possible ever> 
hostel should possess a common room and one or two 
diniuijf halls. 

The kitchen should be on a detached portion separated 
from the main building. The medical oflieer should see 
that it is kept clean. The garbage should not be throAMi 
at random but collected in proper recey)tacles. 

The drains, etc., shoidd be properly Hushed and kept 
clean. There must be sunicient number of privies or 
water-closets and urinals. 

Every hostel should have sufficient open space, and 
wherever possible y^rovided with an open lawm where 
the scholars can have ojutdoor games and spend the 
evening in the open air. 

Administration. — The power of medical insy^ection of 
schools and attached hostels should })e vested in a Board 
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under the control of the University or the Director of 
Public Health. All the medical inspectors should be 
under this Board ; where a large number of inspectors^ 
are required, as in Calcutta, it is necessarj^ to have one 
or two supervisors under one director. The director will 
have to supervise the work of all inspectors and the success 
will largely depend upon the efficiency and skill of the 
director. He must have executive ability combined with 
a thorough knowledge of the subject of medical inspection^ 
and be a good disciplinarian capable of directing wisely. 

The director should outline a practical system of 
inspection, which must be simple and not burdened with 
clerical work. He should see that there is uniformity 
in work, ana visit the schools and the hostels occasionalljr 
to watch the character of the work performed. 

The chief difficulties to be considered are administra-^ 
tive rather than educational or scientific, and the feelings, 
and prejudices of the parents have to be taken into consi- 
deration. A new element has to be introduced into the 
school life with the least possible disturbance and in- 
convenience. In the case of school hygiene, two depart- 
ments of public administration will have to be brought 
for the first time into organic connection, those of public 
health and of public education. 



CHAPTER XXII 

MATERNITY AND CHILD-WELFARE 

The importance of the question of child-welfare will be 
evident from the infantile mortality rate for Calcutta, 
viz.— 280*5 in 1918 ; 857*8 in 1919 *; 886*0 in 1920 ; and 
880*0 in 1921. 

These figures show the high rate of infantile mortality 
which prevails in Calcutta, not to mention the rural 
areas, where the conditions are still worse. This heavy 
mortality is due to several causes, amongst these may be 
mentioned ignorance on the part of the mother, im- 
proper feeding, exposure to insanitary surroundings, 
adherence to outworn prejudices connected with partu- 
rition, quack midwives, immaturity of mothers, etc. In 
Calcutta about 36.5 per cent, of the total infantile 
mortality occurs during the first week of life, and is due 
to ignorance on the part of Ihe mother, neglect, pre- 
mature birth, debility, and tetanus neonatorum. 

As a result of this a movement was initiated by the 
Corporation of Calcutta to provide trained midwives to 
attend to confinements amongst the poor, and women 
health visitors to give necessary advice to prospective 
mothers with regard to the sanitation of pregnancy, and 
proper methods of rearing children. Although this move- 
ment has been initiated in Calcutta the whole rural 
population remains as much neglected as ever, where the 
conditions are no better than they were half a century 
ago. 

The movement for preserving the life of the infant 
and the child involves other important factors, and the 
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desirability of keeping an eye on the health of the pros- 
pective mother, and of bringing to full term and safe 
delivery the large numbers of miscarriages and stillbirths, 
and of providing trained midwives in confinements for the 
mothers, are all important issues in the preservation of 
the national life and vigour. 

The solution of the problem of maternity and child- 
welfare is to be found in the eireumstanees surrounding 
the life of women of the poorer classes, especially in the 
rural areas, who arc fighting daily against destitution and 
want. There can be no question that want of elementary 
ideas in domestic hygiene and poverty are the chief 
causes at work. Poverty necessitating bad housing, 
poor and often ignorant feeding and clothing, and insani- 
tation. 

Any scheme of maternity and child-welfare must 
embrace the following, z'iz :~~ 

(1) The protection of motherhood. 

(2) The ]7rotection of infancy. 

(3) The protection of childhood. 

The protection of Motherhood.- -The question of pro- 
tection of the mother becomes more important when we 
realise how the health of the women is being undermined 
by earl}" and repeated cliild-bearing, prolonged nursing, 
insanitar}’ and unhygienic surroundings, bad living condi- 
tions, overwork and chronic malaria. About 25,000 to 
30,000 mothers in Bengal die every year from causes 
connected with child-bearing. The protection of the 
mother, therefore, is an im])ortant item in any scheme, 
as upon the health of the mother dcqxmds the hcaltli and 
vitality of the child. Tliis protection should be given 
during ante-natal, natal and post-natal ])eriods. 

Statistics show that death-rates among women arc 
heavily in excess between the ages of 15 and tO, the main 
child-bearing period. In 1021 alone maternal causes must 
have been responsible for over 00,000 deaths in Bengal. 
From the cornparati'a' study of the figures of several 
years it i> c\ident that from 00,000 to 75,000 deaths 
among women are occasioned by ante-natal, natal and 
post-natal conditions. 
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(a) Ante-natal Periods — Sufticient information is 
already available to show how an element in the problem 
of ehild-welfare is the period when the child is wholly 
dependent for its eontinued existence on the health and 
wTll-l)ein^ of the mother. In view^ of the enormous pro- 
portion of infant deaths oeeurrinjj^ durim^ the first week 
or the first month of life, we liave to consider the causes 
to which these deaths are ascribed. This leads us directly 
to the period antecedent to its birth. Stillbirths, death 
from immaturity very inadequately represent the total 
volume of life lost durin;^ ante-natal states. Miscarria^^e 
is in many instances a perverted habit, bei^innincf more 
probably in disease or injury, but repeatimif itself in recur- 
ring pregnancies. Other phases of ante-natal problems 
which require careful enquiry are the occupation of 
mother, pregnancy occurring too early in life, effect on 
mother and child of rapidly following pregnancies, 
influence of syphilis, etc. 

The problem of child life is only one ])art of the subject 
of ante -natal care. Puerperal sepsis, eclampsia, abortions, 
anamiia and other forms of illness durincf prepianey, if 
treated in time, or if the conditions under which they arise 
were in view from their onset, could be greatly alleviated. 
It may be asserted that if all women were under skilled 
medical observation durin<]f precfnaney about half the 
ante-natal deaths that now^ take place could be prevented, 
and the number of premature births could be reduced. 
Similarly such conditions as atrophy, debility and mar- 
asmus arc due to ante-natal conditions w^hich mii^ht 
have been controlled or remedied b}’^ ante -natal medical 
attention. Therefore any scheme to be successful should 
consist of ante-natal clinics held weekly or fortnicfhtly 
at a recognised place, and house -visiting of pregnant 
women by women health visitors. It is possible by proper 
ante-natal care not only to reduce the death roll of unborn 
infants, and preserve the life of many infants born to die 
within a week of birth ; but above all it w^ould be possible 
to preserve the health of the mothers, to save them from 
prolonged and exhausting labour, and to restore them 
after confinement to such condition of health as will 
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enable them to perform the duties of motherhood in the 
best possible way. 

The whole position of maternity both pre-natal and 
post-natal demands serious attention from the State, and 
this not only in its own interest and the interests of the 
country, but also in the interests of the mothers them- 
selves, most of whom are stricken with poverty, and 
who should be assured of all the medical skill and nursing 
facility that are available to their more fortunate sisters 
in the higher grades of life. 

(6) Natal Period . — In this country care of women 
during parturition is very much neglected ; an unused, 
dark, ill -ventilated and damp room commonly used as 
a lumber room, or for keeping domestic animals, like 
cows, is usually selected as the lying-in room. In the 
majority of cases, the work is done by quack midwives 
who are absolutely ignorant of even the very rudiments of 
hygiene and cleanliness. As a result of ail these one of the 
commonest causes of death in infants during the first week 
is tetanus neonatorum, and in mothers puerperal sepsis. 
Those infants who survive the first week die of bronchitis 
and broncho-pneumonia. During this period such assis- 
tance as may be required should be arranged to ensure 
the mother having skilled and prompt attendance during 
confinement at house. This part of the work should 
be done by trained mid wives, the health visitors coming 
to their aid in cases of difficult labour, or any other condi- 
tion involving danger to the mother or infant. 

(c) Post-natal Perind . — This period is very important, 
for upon the attention paid during this period depends the 
health of both the mother and the child. Excluding ante- 
natal conditions, and those arising from the act of birth, 
the health and development of the child, depend upon its 
environment. Under this are included those factors 
which directly or indirectly influence and modify physical, 
mental and moral growth. These factors are hygienic, 
i.e., all that pertains to air, washing, clothing, housing, 
etc., and dietetic. Early commencement of household 
or other work, want of proper food and clothing are res- 
ponsible for most of the ill-health of the mother. During 
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this period treatment of complications arising after partu- 
rition, whether in the mother or in the child, should be 
undertaken by the health visitors. Mothers should be 
instructed on the proper methods of nursing babies, and 
on the prevention and care of minor ailments of infants. 
Most of the ailments of infants are due to improper feeding* 
In breast-fed infants the cause of the mischief must be 
sought in the mother ; in hand-fed babies the quality, 
quantity, or mode of preparation of the food, or the 
condition of the bottles, may be at fault, and all these 
require careful investigation. The dangers of artificial 
feeding are especially great during the first few weeks of 
infant life, .\fter three months the child’s digestion 
acquires a certain degree of stability. It is difficult to 
assign the mortality to its true cause always, but there 
is no doubt that improper feeding is the prime cause in 
a large proportion of the deaths - from intestinal dis- 
orders, spasmophilia, rickets, etc. 

Maternity and Child-welfare Scheme 

The Child-welfare Centre. — The establishment of a 
centre or centres is the first step, but it must be clearly 
understood that mere establishment of a centre is not 
the beginning or the end of the whole scheme. It is only 
the head-quarters from which aifferent parts of the 
scheme will radiate. 

The centre should consist of a medical officer who may 
be consulted by the mother. It should consist of a hall 
where mothers can congregate with their children. There 
sjiould be arrangements for weighing and measuring 
babies, and the hall may be utilized for lectures to 
mothers, demonstrations, and mothers’ meetings. The 
walls should be decorated with appropriate and ins- 
tructive diagrams and charts. The chief provision, in 
the centre, besides the medical officer of health, mil 
be qualified women health visitors and some trained 
midwives. The medical officer of health must be selected 
from those who have devoted some special study to 
infant hygiene. 
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The general work in the centre should consist of ~ 

(a) The examination of all babies, and where necessary^ 
their mothers by the medical ollicer on their first visit. 

(b) To issue printed leaflets in different vernaculars- 
giving instructions with regard to the hygiene of preg~ 
nancy, infant care, preparation of infant food, etc., as 
also instructions with regard to clothing, exercise and rest, 
care of breasts, etc. 

(e) To weigh all ehiklren, by the nurse especially 
trained in child-welfare work. 

(d) To adopt such measures as will popularise the 
scheme and educate the public, and to organise popular 
purdah lectures on maternity and chi Id- welfare, illns-^ 
trated with lantern slides in villages where mothers and 
expectant mothers are induced to attend. 

(e) To hold annual baby shows, and prizes offered for 
healthy and well-kept babies. 

(/) To make provision for cheap meals for poor expec- 
tant and nursing mothers, 

(g) To arrange for hospital accommodation for ex- 
])ectant mothers shortly before and during labour. 

{h) To supply good cow’s milk, and other articles of 
infant food free, or at cost price to needy mothers. 

(?) To supply trained nurses for confinement free ta 
the poor, and for a small fee for others requiring help. 

(j) To introduce elementary hygiene with special 
reference to child-welfare in all girls’ schools. 

The medical olficer should generally supervise and 
co-ordinate the whole scheme. 

The Health Visitor or Visitors. — An adequate number 
of health visitors is the essential factor in any scheme of 
maternity and child-welfare. A tactful and sympathetic 
health visitor can accomplish a great deal of useful work 
by giving advice to pregnant women in their own houses. 
They should be qualified medical women, and one whole- 
time health visitor for every 500 births is the usual average 
number required for the work. The health visitor should 
treat minor complaints of infants, and should give direc- 
tions on general hygiene, preparations of infants’ and in- 
valids’ food, and explain the dangers of bad ventilation 
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and ovcr-erowding, advise mothers on the management 
of common ailments of infants and children, and impress 
upon them the value of breast-feeding. They should help 
the mid wives in eases of difficult labour, supervise their 
work, and pay periodical visits to the house of infants 
until they are one year old. 

Provision for an Efficient Midwifery Service. — For those 
who cannot afiord to engage the services of a trained 
midwife the centre should provide the services of a eom- 
petent midwife gratuitously. Arrangements, therefore, 
should be made for an adequate supply of trained mid- 
wives in each area. In places where competent midwives 
are not available the centre should make provision 
for tlie maintenance of at least one in such places. 
T)u‘st‘ midwives should undertake confinement cases 
cither on a small fee or gratuitously as the case may be. 
Not only in ^iIlagcs, but also in cities like Calcutta, 
too much of th(‘ midwifery is done by quack midwives. 
These women are a hinderance to any selicme ; they are 
not competent to give proper advice to pregnant 
women, and during confinement they jiractically court 
infection by having absolutely no idea of the elementary 
principles of cl(‘anliness, sepsis and asepsis, and do a good 
deal of harm both to the mother and the infant. Since it 
is not possible to replace the quack midwives for some 
time to com(‘, it would serve more useful purpose if these 
women could be trained in midwifery and clukl-welfare 
work. They should also be induced to attend the lectures 
at the different centres, or such lectures organised for 
their benedit locally. Proper provision for safe midwifery 
is essential, and it should be the duty of every one con- 
cerned in the chi Id- welfare scheme to urge on expectant 
mothers the necessity of a properl y-t rained midwife ; 
and the workers should be in a jiosition to supply such 
help. 

It may be mentioned here that the mere establishment 
of cliild -welfare centres will not yield any fruitful results 
unless the workers, with whom the snceess of the whole 
scheme depends, are willing, conscientious and smypathe- 
tic. The health visitors and the midwives can help a good 
84 
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deal to popularise the scheme by their kindly manners, 
genial personality, and readiness to help those requiring 
help. All this is the work of local organization, but there 
is a phase of the question which requires direch State help, 
not simply of a financial character. 

The Maternity and Child-welfare Act of Great Britain 
empowers all the local authorities to make arrangements 
for attending to the health of prospective and nursing 
mothers and of children under five years. They are entitled 
to provide creches and day nurseries, to establish con- 
valescent homes, for nursing mothers and children under 
five years, to pro\ ide home-help and other assistance for 
securing proper conditions for the confinement of neces- 
sitous mothers, to provide maternity and cliild -welfare 
centres with mifluives and maternity mirse^. 

One of the ideal centres in England consists of a 
wholetime doctor, four health visitors, a dental clinic, a 
hospital for most difficult cases of confinement, a centre to 
which pregnant women can go for advice, and a centre from 
which food and milk can be distributed under certificate 
of medical officer of health to women who are necessitous, 
or who cannot obtain proper food and milk for their condi- 
tion. The centre possesses a maternity home with sixteen 
beds and, if used a fortnight by each mother, will provide 
for 240 women a year. 

The duties of medical officers of child welfare centre 
may be summarised as follows : — 

A. Clinical Duties : — 

1. Prenatal Clinic : 

(a) Normal Cases, — Advice on hygienic pregnancy 

and instructions in the case of infants. 

(b) Abnormal Cases,- These should be referred to 

(i) own family doctor, or 

(ii) special hospital, or 

(iii) treatment section of the clinic. 

2. Post-natal Clinic : 

(a) Medical consultation of those who desire same 
up to six weeks after confinement. 

(b) After six weeks these consultations to be mer- 

ged with infant consultation. 
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3. Baby Clinic : 

(a) New-born infants. — All babies brought to the 
clinic for the first time should be examined by 
the medical officer. 

(i) Healthy and normal infants. — Mothers to be 
advised on infant care and management, 

(ii) Abnormal infants. — To be referred for treat- 
ment. 

(b) Other infants should be examined by the medi- 
cal officer and classed as above. 

Note. — The primary duty of the clinical officers at 
welfare centres is the prevention of defects and the 
education of the parents in the early detection of the 
same. 

If any conditions are found affecting cither the mother 
or the infant, which may be attributed to mismanagement 
or neglect on the part of the obstetrician, he should be 
notified of the defects discovered. 

B. Administrative Duties : - - 

1. Procedure to carry out 

(a) notification of birth, 

(b) ophthalmia, 

(c) control of puerperal fever. 

2. Organisation of 

(a) health visiting, 

(b) sujx'rvision of midwives. 

3. Co-ordination between 

General public health work, maternity and child 
welfare work and school medical service. 



CHAPTER XXIII 


VITAL STATISTICS 

Vital statistic is the science of numbers applied to the 
life history of communities. The ^enernl state of the 
public health in every country depends largely on the 
measure of adj\istment of the relation of the individual 
and the race to the environment, the more complete and 
continuous the adjustment the greater the loncjevity. 
Of the problems of life with which the science of vital 
statistics is concerned the following are of special im- 
portance, viz. population, births, marriaj^^es, sickness^ 
and deaths. < 

A thorough enumeration of the population as well as 
the registration of births and deaths according to their 
causes and at different periods of life form the natural 
basis of vital statistics, liut it is necessary to explain 
that the vital statistics of India are of a defective charac- 
ter. There is no record of marriages and an inadequate 
one of sickness. Registration was first introduced in India 
about fifty years ago, but the difficulties encountered 
have been great. The people, doubtful of the object, 
do not like to make their domestic affairs public. The 
statement of the causes of death leaves much to be desired, 
as many die ^vithout being attended by qualified medical 
men, and attribute all cases of death accompanied by a 
rise of temperature to “ fever.” Moreover, during an 
epidemic the real cause of the disease is concealed in 
order to escape sanitary measures. 

To improve the registration of births and deaths, that 
is to bring vital statistics up to a desired standard, the 
local authorities should insist on having a daily record of 
all deaths registered at the burial-grounds and burning 
ghats and compare these with those already reported at 
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their oflice for registration. In cases of deaths not 
reported the authorities should take suitable action against 
the defaulters as provided by the Aets. In the case of 
births, measures should be taken to foree the householder, 
or the parents, or to induce the midwives or dais to report 
all births within a fixed period (usually seven days). The 
vaccinators as well as the outdoor municipal staff should 
enquire about all such events during their rounds and 
report to the authorities any cases of omission for proper 
steps. 

In India the first census was taken between 1867 and 
1872 and was repeated in 1881 and subsequently at inter- 
vals of ten years, and the last was taken in March 1921. 
The value of these enumerations has been very great, 
although the return of ages is by no means accurate, since 
the majority of people being illiterate cannot furnish 
correct statements of age and occupation. But the figures 
enable us to make an approximate estimate of the true 
birth- and death-rates and of the mortality by age and 
sex and thus afford data for the construction of a life 
table. 

Estimation of Population. — This is generally done by 
the following methods : — 

1. If a strict record of emigration and immigration be 
kept then in a country in which a complete registration of 
births and deaths is enforced the population can be as- 
certained by balancing the natural iverease by excess of 
births over deaths and increase or decrease due to migra- 
tion. 

2. The increase of inhabited houses in a district being 
known the increase of population may be estimated on the 
assumption that the number of persons per house is the 
same as in the last census. 

8. Another method is by calculating from the average 
birth-rate of the last ten years. It is worked out by the 
following formula — 

p_~ Registered births in the year X 1000 
~~ average birth-rate for the last ten years. 

Thus, if the birth-rate of a town for the ten years (1910- 
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1919) was 30 per 1000, and the actual number registered 
in 1920 was 450 ; then the population for 1920 will 

. , 450X1000 

be according to the formula — =15,000 

Therefore the estimated population for 1920 is 15,000. 
4. This method assumes that the rate of increase is 
constant, and is the same as existed during the previous 
intercensal period of ten years. 

Thus, if P=population of any census year, 

R= annual increase, 

Then one person becomes (1 +R) at the end of 1 year ; 
and P persons become P (14-R). At the end of the 
second year P(l+R) persons become P (]4-R)X (1+R) 
= P(1>|-R)2, 

at the end of 10 years they become P (1+R)® X 
(1 +II)=P At the end of n years become 

P(l+R)n. 


If P'zrz population required 
then P'= P (l-fR)^ 

By using this formula the rate of increase during any 
intercensal period of ten years can be found by replacing 
n by 10. 

For practical puposes the logs of each side are taken,, 
thus, 

log P' =log P (1+R)^ 

=log P +log (1+R)»» 

=log V+n log (1+R) 
therefore n log (l+R)=log P'— log P 

or log (1+R)= ^ 

log P'—log P 

The following rules arc used in estimating the popula- 
tion, viz. — 

1. log P'— log P==log rate of 10 years increase. 

^ log P'-log P , ^ 

2 , — =:log of annual increase. 


3. 


log P'—log P 
10X4 


=log rate of quarterly increase. 
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N.Ii, — Instead of 4, it may be multiplied by any 
number and the product =log of the increase of those 
years. 

Example : 

If the census population of a town is 32,000 in 1901, 
and 36,000 in 1911. 

Then lo^ P'— lo^ P or log 36000—loq: 32000—lop' of 
ten years increase, 4.5563025 — 4.5051500=0.0511525 

or log 1.125 ten years increase. 

On dividing the difference by 10 we get 0.0051152 = 
log annual increase. 

Birth-rate. — An accurate registration of births is as 
necessary to the sanitary statist as an accurate knowledge 
of population obtained from the census. Statistics based 
on the birth-rate calculated on the total population, are 
of value in considering the progress or decline of a com- 
munity in a series of years. Strictly speaking, they are 
not a correct record of the fecundity of the peo})le as they 
depend not only on the number of births and adults pro- 
ducing offspring, but also in the number of young and old 
persons, who contribute nothing in the increase of the 
population. Births are usually reckoned at a rate per 
1000 of population. The annual birth-rate of a commu- 
nity is calculated according to the following formula 
number of births in one year y 1000^ 
the population 

Example : 

There were 250 births in a year out of a population of 
10,000 ; find the annual birth-rate for the year. 

According to the formula we have 2.50 y 1000 
births per 1000. 10,000 

The birth- and death-rates may be calculated from 
weekly, monthly, or quarterly returns. A weekly birth- 
rate is calculated as fohows : — 

number of births during one week X 52.17 X 1000^ 
the population 

A monthly birth-rate = 

No. of births recorded in 4 weeks X 13 X 1000 
the population 
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A quarterly birth-rate = 

No. of births recorded i n a quarter X t X 1000 
the population 

Causes affecting Birth-rates : 

1. Marriage Custom. — This undoubtedly plays an im- 
portant part in India as marriacfe is a religious obligation 
wath the Indians. Here polygamy is permitted, widowers 
may remarry, but not the widows as a rule. Marriage 
usually takes place at an early age and there is a disparity 
in the ages of husband and wife ; and, as a consequence, 
an excessive proportion of widows. 

Among the Mahommedans, Bu<ldhists, and Brahmos 
the age of females at marriage is generally higher and 
the disparity in the ages of husband and wife is less : 
there is also less restriction on widow remarriage. 

2. Agricnihural Distress or Prosperity.- " The birth-rate 
is a sensitive barometer of prosperity ; with a marked rise 
or fall in food prices there is a similar movement in the 
death-rate and an opposite movement in the birth-rate 
nine months later. 

3. Normal Seasonal Variations. — Seasonal variations 
have an influence on the birth-rate. On irrigated tracts 
with adequate drainage and abundant crops the birth- 
rate is high ; in water-logged areas where the soil deterio- 
rates and the people are prostrated by chronic malarial 
disease there is depopulation from impairment of fecundity. 

A more scientific method of stating the birtli-rate, than 
that of the reckoiiing to annual births to 1000 of the 
population, will be to calculate the proportion of births 
to every 1000 women of conceptive age, i.e., between 
the ages of 15 to 45 years. This methods is called the 
“ corrected birth-rate.” 

Still births are not counted cither as births or deaths, 
but arc recorded separately. 

Death-rate. — -Death-rates are calculated in the same 
way as the birth-rates 

The annual death-rate — 

number of deaths in one year X 100 0 
the population 
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Although the registration of deaths in India is defec- 
tive the recorded rates are generally very high and exhibit 
a progressive rise. The average death-rate for the 
whole of India for the year 1921 was about 30 per mille. 
The rates for different provinces taken separately, varied 
between 20 per mille for tapper Biirmah and Madras, 
to 46 and 41 per mille for United Provinces and Central 
Provinces respectively. Whereas the total death-rate in 
Great-Britain in 1911-15 was 13*8 per mille. 

This enhanced death-rate is due to the fact that 
India suffers more than Europe from epidemic diseases 
which have practically disappeared from where sanitary 
methods have reached a certain level of effectiveness. 
The general death-rate of a population is taken as the 
test of the sanitary condition of the place. 

In large towns a certain number of deaths occur in 
institutions like hospitals, jails, etc., and these should 
be allowed to the districts in which the deceased 
persons resided ])reviously. 

The sensitiveness of Indian death-rates to sanitary con- 
-ditions is remarkable, and their fluctuations are greater 
than those of European populations. This sensitiveness 
may be attributed to several causes, viz. 

1. The low age -constitution of the population, which 
naturally favours a low death-rate. 

2. The high birth-rate, infantile mortality forming a 
large proportion of general mortality and being noto- 
riously sensitive to sanitary conditions. 

3. The early marriage of all girls, vhich causes the 
population to breed up to its means of subsistence, and 
renders it easily and extensively affected by want. 

4. The high death-rate, which is more easily and 
largely affected by favourable conditions than a low 
death-rate, and conduces to a low mean age of population. 

In addition to the different epidemic diseases India 
not only suffers from some of the most serious diseases 
of temperate climates, but has a long list of infectious 
diseases special to the tropics. 

In order to obtain a perfect idea of the death-rate in a 
giv^en population or community the total number of deaths 
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in each sex in proportion to the number of the living' 
should be stated. In regard to sex, while the estimated 
death-rates during 1911-1920 at all ages in Bengal are 
31 *7 and 80*5 per mille for males and females respectively, 
there is a notable contrast in the relative incidence of 
mortality on the 10-84 age-periods and the rest of life. 
The female death-rate amongst children under one year 
is lower than the male, but this gradually diminishes until 
the age of 6 or 7 is reached. From this age the female 
death-rate begins to increase- the highest being reached 
at 1.3 to 20, after which the difference diminishes until 
at 35 it disappears and thereafter the female rate remains 
lower. It appears, therefore, that the highest number 
of deaths among females occurs during the child-bearing 
j>eriod, i.e. 15 to 40 years (See table page 548). 

The following table gives the average number of 
female births and deaths per 1000 male births and 
deaths for two decades : — 


Province 

Births 

De.tths 

1911 

1921 

1911 

1921 

Bengal 

941 


895 

909 

Bihar .V Onssa 

955 

950 

940 

986 

Bombay 

920 

925 

936 

957 

Burma 

938 

945 

849 

901 

Central Provinces 

954 

955 

917 

923 

Madras 

958 

950 

961 

979 

Punjab 

909 

906 

983 

928 

United Provinces 

924 

919 

957 

918 


Death-rates obtained from mortality returns of short 
periods, e.g., a week or a month, are not to be depended 
on as tests for health, as they are liable to accidental 
fluctuations. The same is also the case with death-rates 
of very small populations even if returns for a year be 
made. 

Combined death-rate means the total death-rate of a 
combination of two or more districts, and is estimated 
from the ratio which the two or more populations bear 
to one another. 
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To find out the death-rate of a combined district where 
the death-rates of the individual distriets are known, the 
following calculations are made, viz. — 

Let A = population of one district 
cc=its death-rate per 1000 
X X A 

then = total deaths in A. 


Let B = population of another district 
2 /--its death-rate per 1000 
V X B 

then “ total deaths in B. 


Therefore 


XX A yxB Ax+By 


1000 ^ 1000 
combined district A and B. 


1000 


= total deaths irt 


and 

and 


unitin A + B. 

AtT-j-B 

- =-death-rate per 1000 in A-fB. 


Thus if A has a population of 5000, B of 10,000 with a 
death-rate of 20 and 15 per 1000 respectively, then the 
death-rate of the combined districts with a total population 
of 15,000 would be as follows : — 


Aoj-f Bw , 5uuu x*ifu-f-]uuuu 

—^^ - p ^"be comes — 


soooTmoo— 


Corrected Death-rates* — It is well known that the 
death-rate under five and over fifty-five years of age is 
higher than the combined rate for all ages, whilst be-- 
tween five and fifty-five it is lower. Hence the death- 
rate will be raised in a towm having an undue proportion 
of infants, and old people. Again, at nearly every age- 
group the death-rate of females is lower than that of 
males ; hence an excess of females in a population or 
town will lower the death-rate. It is therefore necessary 
that some correction must be made in a death-rate of a 
town or district for any such disproportionate distribu- 
tion of age and sex, before its rate is comparable with 
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that of another town or district. The method for making 
this correction is as follows : 


Age 

period 

ropulation divided 
for age and sex 
(1901 oensus) 

Death-rate (E. and W.) 
(1891-1900) 

Calculated number 
of deaths. 


Male. 

Female. 

Male. 

Female 

Male. 

Female. 

0-5 

562 

571 

62 7 

52.8 

35.23 

30.16 

; 5-10 

534 

547 

4.3 

4 4 

2 -9 

J.40 

10-15 

513 

520 

2 4 

2.6 

1 23 

1.35 

15-20 

496 

505 

3 8 

37 

1 S8 

1.97 

20-25 

etc. 

etc. 

etc. 

etc. 

etc*. 

etc 

25 -So 







35-45 







45-55 







55-65 




1 



65-75 







75-85 






i 

1 

85 and 







upwards 








4873 

V. 

5127 



83 



Totals 

10, WO 



174 


Now take the case of a town with a yjopulation of 
10,000 at the census of say 1901, Distribute the popula- 
tion according to age and sex into the twelve age -groups 
(as in the table above) as per figures obtained from the 
census returns, and apply to the population of each age- 
group and each sex the death-rate for that particular age 
and sex obtained for England and Wales generally during 
the last intercensal period of ten years, and calculate 
the number of deaths which each such rate produces, 
thus : 

Take the males at ages 0-5, viz., 562. The death-rate 
for England and Wales for males at that age period jag 
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62.7 per 1000, the total number of deaths amongst the 

562 X 62 7 

population of 562 will be ’ =^35. 28, A^ain in 

the next a^e-group, i.e. between 5-10 years with a death- 

4.3 X 534 

rate of 4.3 per 1000 means Jdoio — deaths among 

534 males of that age-group. Calculating in the same way 
for each age-group and each sex it will be found that 
the total deaths will come up to 174, that is to say there 

,,, . . 174X1000 

would have occurred 174 deaths or — 17.40 


per 1000 amonga population of 10,000 persons atthe same 
rate as obtained in England and Wales generally. This 
rate of 17.40 per 1000 is known as the standard death-rate. 

The Standard Death-rate is merely a hypothetical one 
and is calculated on the assumption that the deaths in 
a town or district occur at the same rate as in England 
and Wales generally. 

Having applied the England and Wales death-rate at 
each group to the population of the town or district the 
standard death-rate for the place thus obtained ought to 
be the same as in England and Wales, other things being 
equal. But this is not actually the case as the rate of 
mortality for England and Wales during the ten years 
of 1891-iooO was 18.2 per 1000 ; hence the age and sex 
distribution of the town or district are obviously different 
from that of England and Wales. The standard death- 
rate must therefore be raised in the following proportion 
to make it comparable with that of England and Wales. 


rate for England and AVales 18.2 

standard death-rate 17.4 


= 1.045. 


The factor for correction for that particular town or 
district, then, is 1.045. Now if the general {i.e. the 
recorded or erucie) death-rate for any year be multiplied 
by this factor, the corrected death-rate is obtained. There- 
fore Corrected D. R.==General D. RxFactor. Suppose,. 
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for example, the crude death-rate of a town for 1910 was 
16.5, then the corrected death-rate for that year would be 
16.5Xl.045==17.24. 

It is generally found that the age and sex distribution, 
expressed as a ratio to the total population remains fairly 
constant — except in big and important industrial towns — 
during an intercensal period. It is for this reason the 
factor is calculated once in every ten years — the last 
factor holds good until a fresh factor is calculated from 
new figures obtained from the next census. 

Comparative Mortality t'igure , — This is a useful means 
of expressing a comparison of the death-rates of different 
towms or districts. For any year it is 

the corrected death rate X 1 000 
death-rate of E. and W. for that particular year. 

For instance the death-rate for England and Wales 
for 1905 was 15.2 and the corrected death-rate for a town 
was 17.24, therefore 


the C. M. F.= 


17.24X3000 
1 5.2 


= 1,134. 


This number “ 1134,” is the comparative mortality 
figure and is the corrected death-rate for the town com- 
pared with the death-rate of England and Wales, taken 
as 1000. It means the number of persons which in 1905 
produced 1000 deaths in England and Wales produced 
1131* deaths in the particular town after correction for 
differences in age and sex distribution. 

It may be noted here that the statistical figures are 
never so cccurately and studiously wwked out in India 
as in England and Wales. 

Relation between Birth-rate and Death-rate. — It is 

generally held that a high birth-rate is a direct cause of 
a high death-rate owing to the great mortality among 
infants. The death-rate at ages under 5 is three times 
as high as of all ages together, and a high birth-rate by 
producing an excessive proportion of persons of tender 
3 ''ears will cause a high general death-rate. But the morta- 
lity falls if the high birth-rate were to continue longer, 
for then the proportion of the total population at ages 
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of low mortality would be increased and the general 
death-rate lowered. 

The following table gives the death-rate per mille at 
different age periods amongst males and females in 
Bengal. 


Aok. 

Avkr\ok ok Pkriod 

Avi'.raok ok Decade. 

1918.1020. 

1911 

-20. 

Males 

Females 

Males 

Females. 

o-.o 

135 

128 

125 

no 

5-10 

20 

17 

17 

14 

10-15 

16 

15 

12 

U 

15-20 

23 

25 

17 

19 

20-40 

27 

29 ^ 

20 

22 

40-60 

42 

36 

35 

32 

00 and over 

88 

72 

81 

67 


Infant Mortality. — Good deal of attention is being 
given of late to the study of infant or child mortality. 
The infantile death-rate is usually calculated as so many 
deaths under 1 year of age per 1000 registered births in 
the year. 

Infantile mortality has been steadily falling in most 
countries since 1881. The decline between the period 
1881-1885, and 1900-10, being 25.6 p.c. in France, 15.8 p.c. 
in England, 23.7 p.c. in Switzerland. Studies of the 
statistics show that there is a close correlation between 
the infant mortality rate and the size of the family, 
owing to two distinct set of factors, viz., physical and 
economic. On the one hand the vitality of the mother, 
and through her the life of the child appear to be affected, 
by the age at which the child bearing begins, the number 
of pregnancies and the spacing of births, on the other 
hand the health of the infant is intimately associated 
with the circumstances frequently associated with large 
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families, viz., poverty, eon^cstion, malnutrition, insani- 
tary surroundings and the iirnorancc of the parents. 

Other thiru^s bcinet equal it chives an index of the 
sanitary condition of the place as well as of the density 
of the population. One noticeable feature of the statis- 
tics of infantile mortality is that it is higher among^ 
male than amonjnf female children. It is a known fact 
that male infants are more delicate and more ditlicult to 
rear than female infants. 


The heavy mortality amonsfst infants is partly aserilied 
to immaturity and iirnoranee of the mother, to improper 
feedin^,^ to exposure of infants to all insanitary surround- 
imrs wherein the cause of malaria, small-pox, measles, 
bowel complaints, and tetanus abound. xMthoii^h a larc^e 
proportion of deaths is due to premature birth and 
debility, there is no doubt that many are also due to 
ignorance and neele<‘t, for the death-rate amon^^ infants 
of the poorer classes attended by the Corporation midwife 
is only 55 per 1000 during the first seven days. (See 
“ Maternity and Child- welfare” ). 

The infant death-rate for the whole of India amounts 
to about one-fifth of the total death-rate of all ao‘cs, and 
about one-fifth of the children die liefore the a^^e of 
one year. 

Infantile mortality rate or I. M. R. is calculated as 
follows : — 

Death under 1 year X 1000 
* Registered births. 


If there were 600 births registered during the year, 
and 75 deaths among the infants under 1 year, then the 
infantile mortality rate should be 75 deaths per 600 births 

75 , , , 75X1000 , ^ , 

or deaths per birth or =125 deaths per 

1000 births, i.e. I. M. R. = 125. 

Density of Population. — The density is usually ex- 
pressed as so many persons to a square mile (in rural 
areas) or an acre (in towns). This has an important 
bearing on the death-rate and exereiscs a great influence 
on the population. The greater the density the higher 
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the mortality, Farr states that the death-rate increases 
with the density of populations, not in direct proportion 
but in proportion to the sixth roots of the contrasted 
populations. But this rule does not hold good generally. 
It is only when the density reaches a certain degree that 
its bad effects are manifest. 

Increased density of population usually means pollu- 
tion of air, water, and soil, and a rapid and easy spread 
of infectious diseases. There is also greater filth, crime, 
drunkenness and other excesses. In India increased 
density in country districts may be beneficial to public 
health by removal of waste lands and increase of culti- 
vated areas. In towns people enjoy certain advantages 
as regards prompt removal of refuse and supply of a 
pure and wholesome drinking water, wliich are usually 
denied to those who live in villages. In rural areas the 
density of population hardly affects the health or mor- 
tality. But in towns this has an injurious effect on 
health. 

Though somewhat smaller than Great Britain, 
Bengal has more inhabitants than the British Isles. 
The three most densely populated provinces in British 
India, according to the census of 1 921 are Bengal with 579, 
the United Provinces of Agra and Oudh with 414 and 
Bihar and Orissa with 840 persons to the square mile. 

Occupation and Mortality. — Occupati^/n exerts a certain 
amount of influence on the health and mortality of the 
people. In order to make correct statistics showing the 
influence of occupation on mortality, the number and the 
age of those engaged in each calling and the correspond- 
ing number of deaths should first be ascertained, and the 
mortality is calculated from the deaths taking place in 
each particular occupation. This has been very success- 
fully worked out in England but not in India. Roughly 
speaking the mortality is comparatively high among 
workers in cotton, jute, or paper mills, or in the manufac- 
ture of mineral acids, poisonous metals, etc., or among 
those whose occupations necessitate constant exposure 
to sun and rain and to changes of weather. Sedentary 
occupations have a deteriorating influence on health. 

85 
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Some occupations require strong and healthy persons 
and due allowance must therefore be made for the age at 
which such occupations are followed. For purposes of 
comparison the death-rates among those employed at 
corresponding age periods must be taken. 

Special Death-Rates. — It is important to know the rate 
of death from different causes. It has been stated that 
‘‘ the causes of death in a death register are necessarily 
little more than the more or less trustworthy guesses of 
a large body of more or less skilled observers.’’ If this 
statement applies to England, where certificates of death 
are required, one can well imagine how things stand in 
India where the majority of ])eopIe die without proper or 
rational treatment, and where no such certificates are 
insisted upon. 

In India for statistical purposes deaths are classified 
under the following heads : 

C’holera, fi. Respiratory diseases. 

2. Small-pox. /Suicide. 

3. Plague. Wounds and ae- 

4. Fevers, 7. Injuries I cidents. 

5. Dysentery and diarrlura. Snakes and wild 

[ beasts. 

8. All other causes. 


The following table shows the actual number of deaths 
from different diseases and the average anixual rate per 
mille of each sex in Bengal 


Disease. 

1919, 

1920. 

Ratio Per 1000 I 
1920. j 


Males, 

Females. 

Males. 

Females. 

Males 

Females. 

Cholera 

67,601 

57,348 

29,762 

24,437 

1 3 

1.1 

Fever 

039,036 

590,221 

593,523 

550.898 

25.5 

25.0 

Small- Pox 

20,4C8 1 

16,542 

20,013 

16.177 

0 0 

0.7 

Plague .. .. 

288 

136 

40 

20 

0‘002 

0.0009 


It is important that the causes of death should be 
entered according to the official nomenclature, and to 
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state the remote rather than the proximate cause. Thus 
death from diarrhcea or dysentery in case of kala-azar 
should be returned as death from kala-azar. 

The registration of sickness for the general population 
is not feasible although it has been effected in certain 
companies, societies, and institutions like jails, etc. 
Aecording to Dr. Farr’s estimate, two ])crsons are cons- 
tantly sick for every annual death whicli occurs, i,e, for 
one death there are two years of severe sickness. The 
sanitary officer would be in a better position to de«nl with 
preventable diseases, if information of the occurrence of 
every case, whether fatal or not, were supplied to him, 
and he could then inquire into the causation of all such 
cases. It is as important that a correct estimate of the 
number of persons invalided by sickness should be kept 
as well as the actual number of deaths. 

Probable Duration of Life (vie probable) is the age at 
which any given number of children born alive will be 
reduced to one half. This can only be ascertained from 
a life table. 

Life Table. — A life table is a true biometer, because it 
represents a generation of individuals passing through 
life to extinction.” The data necessary for its construc- 
tion are the number, age, and sex of the living and the 
mortality figuix's of one or more years for the same 
population classified aecording to age. Theoretically the 
ideal plan for forming a life table will be to observe a 
million live-births, all born on the same day, through life, 
entering in a column (headed )thc number surviving at 
the end of each succeeding year until all have died ; and 
in a second column (headed r/* ) the number dying before 
the completion of each year of life. This is absolutely 
impossible to carry out in practice. The only practicable 
method adopted for making life tables is to assume that, 
the population being gi^ en by the census returns, and the 
mortality for each age for a given decennium being 
knoAvn, the same mortality will continue during the rest of 
the life of the population included in the census returns. 

The total mean number living and the total number 
dying for a given age period are known, the mean chance 
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(Px ) of living one year during this age period is found as 
foDows : — 

Population— J deaths 
populations-^ deaths”"-^* 

It is usual to start with a million or 100,000 cliildren at 
birth, and to make a separate table for the proportionate 
number of males and females at birth. Starting with a 
certain number of babies (1) at birth, if 1 is miiltiplied by 
the probability of living one 3 ^ear the number surviving at 
the end of the year is obtained. Similarly the number 
living at the end of the second year is obtained by multi- 
plying the number commencing the year by the probability 
of their surviving the year, and so forth. 

From what has been said above it will be seen that if 
the necessary data can be had life tables for individual 
towns, districts, or countries can be prepared. A life 
table gives a scientific basis on which calculations for life 
assurance are based. 

The expectation of life at any age is calculated from the 
number surviving at that particular age (as obtained from 
a life table) and from the years of life they subsequently 
live, just as in the mean duration of life (expectation of 
life at birth). For the ages between 25 and 75 Willich 
has devised the followng formula, which gives approxi- 
mate results 

If a:>=expectation of life and a=present age, then ir=f 

(80-rt). 

The mean duration of life {vie moyenne of the French) 
can be approximately calculated from Dr. Farr’s formula. 
According to this, if 6==birth-rate and d~the death-rate 
per unit of population, then x or expectation of life at birth 

Another rough rule for estimating the expectation of 
life IS as follows ; Between the ages 20 and 45 use the 
fixed number 96. Subtract the present age of the indivi- 
dual from this number and half the remainder is his ex- 
pectation of life. Between the ages of 20 and 80 Ihe 
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result is slightly below the average, while over 40 it is 
rather high. For calculating the estimation of life over 
45 take 90 instead of 96 as the fixed number. 

The term expectation of life means the average number 
of years which an individual at a given age lives, and so it 
implies the chances of living of a mixed community and 
not that any person may reasonably expect to live a given 
number of years. The mean age of the living is calculated 
by dividing the sum of the ages of the population at the 
census by the number of the population. As a test for 
longevity it is unreliable, being much disturbed by 
immigration and insanitation. 

I'he mean age at death (of a population) is the expres- 
sion of the average age a.t death of a population and do 
not give any indication of the health or sanitary condition 
of the people. It is worked out by adding together the 
ages at which people die, and dividing the number of years 
by the number of deaths. It cannot be taken as an index 
of the healthiness of an occupation. 


Ago, 

Expectation. 

Expectation. 

Age. 

Expectation. 

Expectation. 

A 

B 

A. 

B 

20 


33.65 

52 

12.63 

17.38 

22 

31.43 

32.49 

54 

11.71 

16.25 

24 

29 85 

31 41 

56 

lO 72 

15.09 

20 

28 32 

30.30 

58 

9.68 

13.91 

28 

26,84 

29 31 

60 

8.72 

12.74 

80 

25.39 

28.26 

62 

7.93 

11.39 

32 

24 02 

27.22 

1 U 

7.27 

10.54 

34 

22.72 

26. 19 

I 66 

6.62 

9.52 

36 

21.49 

25 16 

68 

5.92 

8.54 

38 

20 28 

24 13 

70 

5 20 

7 62 

40 

19.07 

23.10 

72 

4.60 

6,75 

42 

17.86 

22.12 

74 

3.80 

5.95 

44 

16.69 

21.18 

76 

8.10 

5.23 

46 

15.57 

20.29 

78 

2.41 

4.57 

48 

50 

14 53 

13.55 

19.39 

18.43 

80 

1.72 

3.98 


Colonel Joubert. in comparing the expectancy of the 
lives of the natives of India with those of Europeans, 
observes that though the constitutions of liealthy Indians 
may not be much inferior to the European standard from 
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a medical point of view, their habits, modes of life, and the 
insanitary conditions amidst which they live are most 
distinctly inferior to the E\iropean standard, and render 
them more liable to acute diseases increasiiii^ the risk of 
assurance. For Fluropeans and Eurasians living in India 
the expectation of life as given in the table on page 549 
has been calculated in some details. Table A is based 
totally on Indian exjDerience from European and Eurasian 
lives, while Table B on Indian experience from European 
lives only up to the age of 50. 

Marriages.— These are usually stated in proportion to 
the total population, or the number per 1000 of popula- 
tion ; but a more accurate method would be to base the 
marriage -rate for comparative purposes on the number of 
unmarried persons living at marriageable ages. With the 
Hindus marriage is an obligatory religious saerament and 
is practically universal. The universality of marriage 
tends to produce a rapid increase of population. About 
half the total number of males are unmarried, and of these 
three-quarters are under 15 years of age. Only one-third 
of the total number of females are unmarried, and of these 
three-quarters are under the age of ten and seven -tenths 
of the remainder under fifteen. 

In the following table the proportion of widows in 
the population per 1000 and for certain age-periods are 
given and compaied with the figures for England and 
Wales : — 


Ace. 

India 

1921. 

England and Waiks 
1911, 

All ages 

175.0 

73.2 

0-0 

0.7 


5-10 

4.5 


10-15 

16.8 


15-20 

41.4 


20-25 1 

71.5 

1.5 

25-35 

146.9 

13.1 

35-45 

325.2 

50.5 

45-a5 

619.4 

193,3 

65 and over 

834.0 

666.9 


The great difference between India and England in 
respect of marriage customs is shown by the fact that in 
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England from three-fifths to two-thirds of both sexes 
are single and about a third are married. Three features 
are peculiar to India, viz. universality of marriage, the 
early age of marriage, and the large proportion of 
widows. 

There is probably a direct relation between early 
marriage and the duration of the reproductive functions, 
and the premature strain of the latter tends to their 
earlier cessation. Dr. Duncan found the average fecun- 
dity of women marrying at 15 to 19 years of age was 9.12, 
and it progressively diminished as ages advanced, being 
4.6 for those marrying at 30 to 31 year^. 

Dirths ... 

Marriatyes “ ^can fecundity per marriage. 

The rapid succession of the generations, probably five 
or more in a century, is, however, favourable to the 
process of adjustment to an environment that is subject 
to constant changes. 
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VILLAGE SANITATION 

The question of improving the sanitation in villages is 
a problem which is engaging much attention at the present 
moment. An efficient sanitary campaign has to be under- 
taken before any good result can be expected, and this can 
only be attained by a concerted action by both the public 
and the sanitary authorities. Most of the villages are 
not as a rule controlled by municipalities, the District 
Boards and Union Boards are responsible for the improve- 
ment of sanitation and public health of the villages, and 
in most cases their funds are not sufficient to undertake 
an elaborate scheme. 

For the improvement and development of villages, 
an Act, known as the Village Self Government Act, 1919, 
has been passed, which will apply to all parts of Bengal 
not under the control of a municipality. 

The insanitary condition of the villages is responsible 
for most of the deaths from preventable diseases, chiefly 
malaria and the water-borne ones. This is due mainly 
to the ignorance of the people on the elementary principles 
of hygiene, and to their bad and insanitary habits which 
have become almost a part of their nature, and to the 
general apathy of the educated and the well-to-do people 
to take an initiative, and who very often migrate to town 
and other healthy places. As a result of all these the 
villages are left in a very neglected condition, and the 
poor are left to take care of themselves. One must 
realise that without co-operation of the people efforts of 
sanitarians to improve the sanitary condition of villages 
must perforce be inoperative. Any scheme, however 
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modest, for the improvement of sanitation in villages, 
must primarily aim at 

1. educating the public, 

2. providing good water-supply, 

3. proper conservancy, and 

4. protection against malaria, hook-worm, and other 
water-borne diseases. 

1. Educating the Public. — This is of primary import* 
ance inasmuch as upon this the efficiency of any sanitary 
measure depends. No matter how perfect the measures 
might be, if the people are not educated enough to 
appreciate the advantages of such measures these are 
most likely to fail. The people can be educated by 



Fig. 93. — An Indian Village. 

organising popular lectures, preferabl}^ illustrated by 
lantern slides and pointing out to them the dangers of 
insanitary habits. They should be told of the dangers of 
overcrowding, of dust and disease, of measures necessary 
to prevent infantile mortality. Easy means of avoiding 
preventable diseases can very well be illustrated, and the 
effects of bad ventilation, insanitary surroundings and 
pollution of water should be impressed on them forcibly. 
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In villacres most huts have mud walls without any 
openings for ventilation save and except the door. 
Cattle and other domestic animals are kept in the same 
room where food is generally stored or perhaps cooked. 
In the construction of these huts the earth is dug out 
from the neighbouring land which forms a hollow and 
eventually becomes filled with dirty water, and forms 
a breeding place for mosquitoes,* and not infrequently 
this water is utilized for washing and other domestic 
purposes. People should be taught to build sanitary 
huts, and model biistees should be built to set an example 
(See page 120). 



Fig. 94. — A Village Hut. 


2. Water-Supply. — This is another great problem for 
villages where there is no public water-supply and conse- 
quently the water for drinking and cooking purposes is 
drawn from any source available, such as rivers, tanks,, 
wells, etc,, which are usually very highly contaminated 
being used for every purpose, Wells are constructed 


^ TILLAGE SANITATION . SB& 

without any regard to the sanitary laws, and arc sunk 
too close to privies or drains, and the interior not made 
water-tight by cement coating, with the result that 
offensive matter gains admission into the water and makes 
it foul. Trees grow at their edge, plants sprout from the 
lining, and dead leaves fall and rot in the water. Birds 
build nests in the cre\ices, and fish and turtles are fre- 
quently put into the well to keep the water clean. Every 
user of the well brings his owm vessel and rope for drawing 
water and the rope in the inter v^als may tether a cow or 
lie in some dirty corner. 

Tanks are more liable to contamination than wells 
owing to the fact that these are less protected, and both 



Fig. 05. — A small stbeam in a village. 


men and animals get access direct into the water. Un- 
fortunately in non-municipal areas very little attention is 
paid for protecting tlie tanks from contamination. Ways 
in which tanks are ]3olluted arc innumerable : people wall 
w^ash their mouth, bathe, pass urine and stool on the banks, 
w'ash clothes, cooking and other utensils, and bathe 
domestic animals. Privies are often constructed close 
to these tanks. The result of all these insanitary habits 
is obviovis, and the public should be clearly ex]3lained 
of the dangers of such practice. Some arrangement must 
be made for good w^atcr-supjdy, and one or two ideal 
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tanks should be dug and kept under proper supervision to 
be used only for drinking purposes. Rivers and streams 
are also open to contamination of all sorts in the same way 
as the tanks, and generally become the public latrine on 
account of the customary ablution, and thus the germs 
of cholera and typhoid fever are carried and spread 
among the people, and it is therefore neither safe nor 
desirable to drink water from any such sources unless 
they are purified by boiling. The public therefore should 
be taught of the supreme importance of having pure 
water for drinking purposes and of avoiding drinking 
water from any sources not properly protected against 
pollution. 

The question of providing a supply of pure water in 
rural areas is therefore most important. It is neither very 
difficult nor, is it necessarily, a very expensive matter 
to provide pure water. Tanks or wells if properly 
constructed and looked after should afford supplies of 
good water at a relatively small cost, AYhere funds 
permit, tube wells may be used. These are very conve- 
nient, and since there is less chance of contamination 
they are well suited for the purpose. The water of large 
tanks when properly reserved is often so pure as to 
require no filtration. Ordinary wells constructed with 
due regard to their surroundings and properly looked 
after would also afford a reasonably pure water. 

For many rural areas, however, all that is necessary 
is to provide reser/ed tanks free from human pollution. 
The water of such tanks would generally be fo\ind to be 
pure, and especially if it could be drawn by a pipe from 
the centre of the tank, would always be quite safe for use. 
The actual provision of pure water, therefore, is not in 
itself a very difficult question. The real problem is how' 
to provide administrative machinery that would enable 
Union Boards and other local authorities both to obtain 
supplies of water and preserve their purity. 

8. Conservancy.- -This is most difficult to carry out 
successfully. Here one has to consider removal and 
disposal of human excreta, house and other refuse, slop 
water, etc. In non-municipal areas there are practically 
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no arrangements for privies or latrines, people generally 
go to some open land, or banks of tanks or rivers for 
purposes of nature. These are fruitful sources of dis- 
seminating different forms of infection. Intestinal 



Fig. 86. — Showing Pollution of tanks in villages. 
Note an insanitary privy close to it. 


parasites, notably ankylostomum duodenale, diseases 
like cholera, typhoid fever, etc., are all earried about 
through contaminated water. It is almost impossible 
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to stop this habit, inasmuch as people of jncans and 
education have recourse to this sort of open air privies. 
Children ease themselves anywhere and everywhere — 
such as the courtyard, or in or about the houses. Arrange- 
ments must be made for privies in every house, if this is 
not possible, public latrines should be constructed in suitable 
places and people are induced to use them. Where privies 
exist they are often situated close to tanks or wells, the 
water of which they pollute, not only by soakage, but by 
the Avashings which arc carried directly into the water. 
The construction of these privies is imperfect and insani- 
tary {See Fig. 96). For attending to tlie cleanliness of 
such latrines the villagers w'ould do well to subscribe 
amongst themselves for engaging a inethar (sweeper). 
Fouling of the seats is quite common, and if once they 
are fouled people will not use them, but will pollute tlie 
place all round it, not excepting the passage, and so 
create a terrible nuisance. There should be s(‘parate lat- 
rines for men and women- Avell protected and screened. 
If these latrines are not possible trench latrines are to 
be preferred. A simple method of combined latrine 
and trenching ground suitable for small communities is 
to have a ]dot of land properly fenced and divided into 
tw'o portions. Each evening a trench is dug in the one 
division, the earth being piled on the side. The excreta 
are deposited in this trench and each ])ersou is instructed 
to cover the deposit with enough earth. A swcep(‘r goes 
round in the evening and covers the dejecta more com- 
pletely and digs a second trench to be used in the same 
way the following day. .This way wdien the whole half 
portion of the plot is used up the other half is then used. 
People should be instructed not to use the tank for ablu- 
tion purposes — a most common and pernicious habit. 
Where methars are engaged arrangements for proper 
disposal of night soil should be made. 

Disposal of dry refuse is equally important. This 
consists of food waste, dust, refuse from stables, 
workshops and shops, dry leaves and flowers. All 
these undergo rapid putrefaction and give off offensive 
smell. They shoidd be frequently remo^^ed and not 
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scattered about the house or thrown about the road* 
It is not uncommon to throw all refuse in the 
back yard where they collect in heaps. This is a very 
insanitary practice, the refuse undergoes decomposition 
and gives off offensive gases, breeds flies, ana during the 
rains the polluting materiais are washed away and con- 
taminate tanks, etc. The flies arc the greatest carriers 
of diseases like cholera, typhoid fever, diarrhcca, etc., 
and their breeding should 
be firmly checked. The 
refuse therefore should 
be properly disposed of. 

There are two practical 
ways of disposal of gar- 
bage. To bury it, or to 
burn it. In small places, 
burial is a very good 
method. The pits should 
be just big enough to 
hold a pail of refuse 
which is then covered 
over with three or four 
inches of earth on the 
top, and a new site selec- 
ted for each sueeosssivc fig. 97. — BEEinvE Incinerator. 
pail. It may also be uti- (From the Ofifieal History 
lized in reclaiming low of tho War), 

lands, hollows (Dohas), 

etc. But tliey create a serious nuisance if not properly 
carried out and if located near to road side or dwellings. 
They must be covered with earth or rubbish from dis- 
mantled houses. 

The night-soil and refuse may be disposed of together 
in a more sanitary way by incineration. This is possible 
where there is organised labour under proper control and 
sufficient fuel from refuse. Where the refuse consists of 
dry leaves, wood, etc., it may be utilised to supply the 
necessary inflammable material. A small incinerator as 
shown in the figure will be found quite efficient for the 
purpose. This type was extensively used with success 
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during the war under the name of “ Beehive Incinerator.’^ 
It IS easy to construct, easy to manage, and would 
burn quite an enormous quantity of refuse. 

It is built with a subterranean air space for draught, 
a central air cone, and at the level of the top of the air 
cone, and close to it, a perforated tray for burning faeces. 
The walls are made of brick, stone or similar material 
cemented together with a mixture of clay and cow-dung. 

The subterranean air space gives just as good a 
draught as any other, and with an open air cone above 
its centre produces a draught when inflammable material 
such as, wood, paper, etc., are being burnt. A zone of 
intense heat is produced immediately around the air 
cone on which the perforated tray for faeces rests. The 
night-soil is rapidly dehydrated and charred and ulti- 
mately catch fire. The openings allow the liquid excreta, 
etc., to percolate through on to the bed of the fuel and 
refuse beneath which absorbs them. In the zone above 
the air cone, gases and smoke arising from its burning and 
destructive distillation of the contents are burnt, and 
what escapes from the funnel is practically only 
steam which is soon dissipated into the surrounding 
atmosphere. 

If funds permit the night-soil may be disposed of by 
constructing what is known as “ Dumping Septic Tank.” 
By suitable arrangements, provided there is sufficient 
supply of water, the night-soil may be carried and allowed 
to pass into a septic tank. 

The removal of slop water, rain water and other liquid 
filth is generally effected by surface drains in villages, 
both municipal and non-municipal areas. Ordinarily 
these are inefficient, ill-kept and are no better than dirty 
offensive puddles. They have no gradient, and during 
rains they become full of foul liquid which undergoes 
decomposition and putrefaction giving off offensive smell. 
These drams are no better than elongated cesspools, and 
not being made of any impervious material they act aa 
sources of pollution of neighbouring tanks and wells 
through percolation. In most instances weeds and other 
plants grow on their sides and beds, and materially impede 
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the free passage of water. A proper system would be to 
have 

1. Drains constructed with proper gradient, and made 
impervious with cement, or glazed half-channelled pipes. 

2. They should be cleaned periodically and all weeds 
and plants removed. 

3. They should not lead or open into any tanks or any 
other sources of water-supply. 

4. They should be disposed pf by irrigation over 
agricultural lands and outside any human habitation. 

Disposal of the Dead , — Both man and animal when 
dead require to be disposed of properly. In villages dead 
animals are simply thrown away on the road or on 
the open land near about the house, where they undergo 
putrefaction and give off most offensive smell, while dogs 
and jackals carry them about creating great nuisance. 
Dead bodies are burnt anywhere and every\vhere, or 
thrown into the river, and sometimes buried in the house. 
These are all most insanitary practices and prejudice the 
health of the people. It is therefore necessary that some 
rules should be observed with regard to all these dead 
bodies. Burning of the dead should be done only in 
some fixed place allotted for the purpose. It should be 
well protected from outside and no one should be allowed 
to throw dead bodies or half -burnt bodies into the water. 
Where there is a river burning should be done on the 
river-side and only burnt ashes should be allowed to be 
thrown into the water. Clothes, bedding, etc., should 
not be scattered about, but burnt down with the dead. 
If cremation is done near a tank, the tank must be kept 
separate, and the water should not be used for drinking 
purposes {See Disposal of the Dead page 287). 

Protection against Malaria. — ^The reduction or suppres- 
sion of malaria in villages is of vital importance inas- 
much as four-fifths of Indian malaria occurs in villages. 
Although the broad principles for preventing the disease 
are the same whether one has to deal with cities, towns, 
cantonments and villages, yet the details by which 
these are carried out are not identical. The mass of 
people living in the villages are not only poor but ignorant 
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of the very rudiments of sanitation. Measures, therefore, 
to prevent mosquitoes from biting by the use of mosquito- 
proof houses, fans or punkhas, or culicides cannot be so 
freely and universally used. Reduction can only be 
effected by case -reduction in villages and by measures 
which will reduce the number of anophelines in and around 
them. It is therefore necessary that the rationale of our 
present-day prophylactic measures of malaria should be 
widely circulated and made known. In every village, 
persons capable of understanding the primary principles 
of prevention should be held responsible for the carrying 
out of preventive measures, and villagers should be im- 
pressed with their importance through them. Travelling 
dispensaries in charge of medical officers will serve a very 
useful purpose in distributing quinine and giving relief 
to villagers, especially during the malarial season. The 
people must be taught to help themselves and once they 
can be made to realise what “ water-tidiness *’ consists 
in, elimination of the offending larvae will be a com- 
paratively easy task. The public should realise the true 
significance of watertidmess, and water should not be 
allowed to be collected in rejected vessels, broken tin 
boxes, etc., and shallow pools should be filled up. 
Instructions regarding the main facts connected mth 
malaria should be given by popular lectures, and illustra- 
ted leaflets, in the vernacular of the place, circulnted. 
The value of quinine as a prophylactic and the use of 
mosquito nets should be forcibly impressed on the pub- 
lic, and the prejudice against quinine, which so widely 
prevails, even amongst men of education, should be 
removed by all reasonable means. Where quinine is 
distributed amongst the masses, it must be done through 
some responsible person, who should see that it is actu- 
ally taken and not thrown away, as is often done, by 
the ignorant villagers. The elementary principles of sani- 
tation may be incorporated in text-books for children, 
Besides the above, the following special measures recom- 
mended by Hehir are of great value : — 

1* The treatment of all cases of malarial fever and mala 
rial enlargement of the spleen with quinine issued gratis. 
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2. The making of surface drains (even Jcatcha drains) 
properly graded for removing rain water and' refuse 
water generally. 

3. Covering of all sources of water-supply with some 
mosquito-proof material. 

4. The filling up of all burrow pits and excavations in 
and around villages for a distance of at least 100 yards. 

5. The prevention of all cultivation within this 100- 
yard limit and of wet cultivation within 200 yards. 

6. The keeping of this 100-yard area and the interior 
of the village free from mosquito larvje. 

General principles of prophylaxis against xcater-horne 
diseases : 

(a) All discharges, faeces and urine, in which the orga- 
nisms of disease are found are to be destroyed or disinfect- 
ed as rapidly as possible. 

(b) Flies are the principle carriers of these germs and 
therefore the food, milk, and water should be properly 
protected against flies. Kitchen should be made fly- 
proof. Flies breed in refuse and these should be properly 
disposed of. 

(c) Since it is possible that apparently healthy persons 
may also harbour disease germs it is important that all 
excreta should be satisfactorily dealt with. 

(d) Water-supplies, milk and other food should be 
protected from possibility of contamination by the so- 
called carriers. 

(e) Boiling of water and milk, and thoroughly cooking 
other articles of food liable to be contaminated. 

(f) Preventing washing of clothes and other utensils 
in or near a tank or well. 

(g) Setting apart a tank for drinking purposes only, 
and not allowing washermen {Dhobies) to wash dirty and 
infected clothes. 

(ft) Preventing milkmen to use dirty water for cleaning 
pails and other utensils, or mixing suspicious water with 
milk. 

(i) Using bleaching powder or chlorinated lime to 
sterilise all suspicious waters of tanks or wells. 



CHAPTER XXV 

SANITATION OF FAIRS AND RELIGIOUS FESTIVALS 

The sanitation of fairs and religious festivals in India is 
a very important and complicated task. Every time that 
a fair or a meia is held, or there is a religious pilgrimage, it 
is followed by epidemic of water-borne diseases, chiefly 
cholera. Places for pilgrimage in India are many, some 
are of permanent nature, while others are temporary. 
Permanent centres are places possessing special religious 
sanctity and which attract quite a large number of pil- 
grims all the year round. These are, Hardwar, Benares, 
Muttra, Brindaban, Puri, Kalighat in Calcutta and 
Tarkeswar in Bengal. In temporary centres pilgrims 
congregate in large numbers at certain time of the year 
only. Thus during a bathing festival people congregate 
by thousands along the banks of the sacred rivers which 
afford sufficient opportunities for pollution of water and 
spread of disease. The figure 98 shows how the river Ganges 
is being used for bathing purposes during such a festival. 

Abundant evidence is now available that these congre- 
gations of people, either in the different pilgrim centres 
or in the different melas and fairs are frequently respon- 
sible for the outbreak and spread of diseases disseminated 
by close personal contact, by contamination of food and 
water, and by the agency of flies. 

The organisation of sanitarj^^ control sufficient for the 
wants of ordinary pilgrim traffic in the many permanent 
centres is not so difficult. But efficient sanitary over- 
sight during special melas or festivals, which take place 
at recurring intervals is a very difficult problem and 
cannot be so easily managed. Since different fairs vary 
greatly in style and character it is not possible to formu- 
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iate fixed rules that will apply to all such places under 
all conditions. Success depends upon everything being 
planned out and arranged previously. The entire area 
should be divided into isolated plots, and each such plot 
should be in charge of one or more sanitary officers, who 
should see that tlie latrines are kept clean, that the lodging 
houses are free from any sickness and kept in proper 
order, and that the rules laid aown for the management 
of the lodging houses are obeyed. The number of carts, 
sweepers, scavengers and the inspectors necessary must 



Fig. 98. — An Indian River during a Bathing Festival. 


be calculated beforehand on the basir of the approximate 
number of people likely to be present. Lodging houses 
should be registered and the number of lodgers to be 
accommodated in each should be fixed. Ventilation, 
drainage, cleanliness, water supply and privy accommoda- 
tion must be spervised before each such house is licensed. 
For the efficient control during these fairs and melas 
the following require careful attention, viz. : — 

1. Accommodation. 

2. Medical and sanitary arrangements. 

3. Water supply. 

1. Efficient conservancy. 

5. Pure and wholesome food. 
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1. Accommodation. — The management of the lodging 
houses for the accommodation of the pilgrims has been 
detailed above. But the site where the fairs should be 
held requires some consideration. Wherever possible 
the land selected should have natural drainage, well 
shaded and watered. It should be laid out pre\'iously 
and kept ready before the arrival of the first batch of 
pilgrims. 

The site shall be cleared of jungle and dense vegeta- 
tion and the approach road shall be metalled or other- 
wise made firm. In cases of large fairs a second broad 
road shall be provided for the returning pilgrims. The 
place should be carefully marked out and provision 
made for the accommodation of officers -in -charge, the 
police, the hospital, the booths, residential blocks and 
latrines. 

2. Medical and Sanitary Arrangements.— Every fair 
shall be under the medical and sanitary charge of the 
medical officer of health in whose jurisdiction it is held. 
The sanitary officer shall be always on the watch to detect 
any case of infectious disease occurring in or near the fair. 
The whole area shall be divided into blocks and each 
block shall be under the charge of a sanitary inspector 
who shall daily inspect the area under him and report 
occurrence of any suspicious case of illness. Arrangement 
shall be made to leceive daily report from the sweepers 
in charge of each latrine of any case of unusual diarrhoea 
or any similar diseare. 

For the removal of the sick stretchers or doolies shall 
be provided at the fair hospital and also at the police 
outposts. Gangs of bearers shall be kept in readiness 
to carry patients. Unless there is a permanent hospital 
or dispensary, every fair shall be provided with a tem- 
porary general hospital and an isolation hospital. They 
may be conveniently placed in one of the side roads away 
from the main road and preferably on the open land. 

For the accommodation of the infectious cases tempo- 
rary huts may be erected, on for the male patients, and 
one for the female patients, with quarters for the medical 
officers, servants, etc. Latrines with wooden seats and 
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iron pans or earthen receptacles shall be placed close to 
the wards. All the dispensaries should be equipped with 
prescribed standard drugs and stores, stretchers, doolies, 
disinfectants — such as hycol, cyllin, and vessels for 
boiling water, etc. 

3. Water Supply. — This is of utmost importance and 
since most of the pilgrims are affected with water-borne 
diseases every source of supply shall be under proper 
supervision to prevent improper use and contamination. 
Where filtered water-supply is not available deep tube- 
well should be provided for. In the absence of these a 
sufficient number of masonry wells or reserved tanks shall 
be constructed. All temporary or kuicha wells shall either 
be closed or treated with bleaching powder. It wells 
are used satisfactory mechanical arrangement shall be 
made for drawing water, and indiscriminate use of other 
vessels shall be strictly forbidden. Where there are 
sufficient number of existing tanks a few shall be selected 
and reserved for drinking purposes, and no one shall be 
allowed to w^ash on the banks or bathe. The above precau- 
tions should also be observed in case of rivers, where such 
exist, to protect the water from pollution. Sweepers shall 
patrol the banks of rivers and tanks in the morning and 
evening to remove all filth found there. 

Burning ghats should be located well down the stream 
beyond the fair limits. 

4., Efficient Conservancy. — For this an adequate staff 
of properly paid sweepers must be employed. The whole 
gang should be divided into groups in charge of a mate 
and every sweeper must bear a numbered badge. 

Female sweepers should be employed for latrines meant 
for women. 

The sites for latrines must be previously located and 
their construction supervised by the sanitary inspector. 
In the construction of the latrines the following points 
should be attended to : — 

(а) They should not be too far away, or else the 
people will not use them. 

(б) No latrine should be more than hundred yards 
away from the fair limit. 
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(c) The inhabited site of most fairs should be laid out 
in rectangular blocks and behind each one or two blocks 
the latrines should be situated. 

(d) In the fairs where the people visit daily and do not 
live there, two seats for every 1000 people may be taken 
as the average. 

(o) For pilgrims living within the area of the fair, one 
seat for every 100 person may be taken as a fair average. 

The type of latrine best adapted is a trench latrine. A 
trench of a forty feet long, ten to twelve inch wide and 
eighteen to thirtysix inches deep is quite convenient. 
The earth is pulversied and kept behind the trench 



Fig. 99. — Double-gbid Beehive Open Ikoikbbatqb. 

Adower grid for incineration ; B -Upper grid for drying ; 

0-Stoking door ; D -draught holes ; E -Cement base. 

(Prom The Official History of the War). 

leaving a space about six inches along the border of the 
trench for the foot rest. Movable screens are placed 
both in front and back of the trench behind the accumu- 
lated earth. By placing screens three feet wide across 
the trench separate compartments are easily made, each 
screen being three feet away from the other one. By a 
partition placed in the middle, each forty feet trench is 
^Uvided' into two sections and each section shall accom- 
modate seven seats. 
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When the first trench is filled the screen in front of it 
is removed and placed behind the second one and in this 
way as many trenches as are required may be utilised. 

Every latrine must be constantly kept in a state of 
•cleanliness and shall be properly lighted at night. To 
prevent people from using places other than the latrines 
the approaches should be kept scrupulously clean, all 
vegetations and high crops near or about the fair pre- 
viously cutdown and removed. All shallow depressions, 
pools and back-water should be filled up. 

Public urinals shall be placed at the corner of every 
block of the inhabited side of a fair. In ordinary soil 
a pit four feet square and five feet deep fitted with 
broken four feet deep should be made and at each 
•corner a kerosine tin full of sawdust w^ith a perforated 
bottom is placed soaked in HgClg. 

Satisfactory arrangements for the disposal of refuse 
-and baskets for carrying the same must be made. 
The refuse may either be dumped in a place previously 
prepared for the purpose or best incinerated. Temporary 
incinerators of the “Beehive’’ pattern or open incinera- 
tors will serve the purpose quite satisfactorily. A descrip- 
tion of the closed Beehive incinerator will be found on 
page 559. Although the burning of solid excreta in an 
open incinerator is not theoretically satisfactory, it was 
carried out quite satisfactorily in all the theatres of war, 
during. the last war and may with advantage be utilised 
in cases of fairs and melas as a temporary measure. 

5. Food Supply. — Arrangements shall be made for 
the supply of pure and wholesome food at reasonable 
cost. The sanitary inspector should examine the milk, 
fish and other foods and should see that these are kept 
in cleanly conditions. Unwholesome food, over-ripe 
fruit and decaying vegetables shall be strictly forbidden 
within the fair area. If these are discovered they should 
be seized and destroyed as a preventive measure. 



APPENDIX I 

The Duties, Sec., of District Health Officers in Bengal 

In addition to the duties imposed upon him by any law^ 
for the time being in force, regarding public health, every 
District Health Officer shall perform the following duties : — 

(1) He shall perform all the duties imposed upon him 
by properly constituted by-laws and re^ilations of the Dis-^ 
trict Board in respect of any matter affecting public health. 

(2) He shall attend the meetings of the Sanitation Com- 
mittee of the District Board. 

(3) He shall execute and enforce the regulations, rules- 
and orders, relating to public health, which may be enacted,, 
made or issued by competent authority. 

(4) He shall keep himself informed, as far as practicable, 
respecting all influences affecting or threatening to affeci 
injuriously the public health in the district. For this purpose, 
he shall visit the several areas or localities under his jurisdic- 
tion, as occasion may require. 

(5) He shall inquire into and ascertain the causes, origin, 
and distribution of diseases within the district,* and ascertain 
to what extent the same depend on conditions capable of 
removal or mitigalion, 

(6) He shall consult with the Health Officers of muni- 
cipalities within his district whenever the circumstances may 
render this desirable. 

(7) He shall advise the District Board on all matters 
affecting the health of the district and on all sanitary points 
involved in the action of the Board ; and, in cases requiring 
it, he shall certify, for the guidance of the District Board, as 
to any matter in respect of which the certificate of a medical 
officer of health is required as the basis or in aid of sanitary 
action. 

(8) He shall, from time to time, inquire into and report 
upon the accommodation available in hospitals or dispensaries 
either maintained . or aided by the District Board for the 
isolation of cases occurring in the district of (a) cholera, 
{b) small-pox, (tJ) plague, and (d) other infectious diseases, and 
upon any need for the provision of further accommodation. 

(9) dn receiving information of the outbreak of any 
infectious or epidemic disease of a dangerous character within 
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the district, he shall visit without delay the locality where the* 
outbreak has occurred, and inquire* into the causes and 
circumstances of such outbreak ; and in case he is not satisfied 
that all due precautions are being taken, he shall advise the 
persons competent to act as to the measures which appear 
to him to be required to prevent the extension of the disease, 
and shall take such measures for the prevention of disease as 
he is legally authorized to take under any law in force in 
the district or by any resolution of the District Board. 

(10) Subject to the instructions of the District Board,, 
he shall direct or superintend the work of the subordinate 
public health staff of the district, and on receiving information 
that his intervention is required in consequence of the exis- 
tence of any nuisance injurious to public health, he shall, as 
early as practicable, take such steps as he is legally authorized! 
to take. 

(11) He shall pay particular alien tion to the water-supply 
of the district, especially if it is derived from public wells or- 
reserved tanka. He shall report to the (Chairman if the public 
wells are not kept in good repair and if the reserved tanks are 
not properly fenced and kept free from contamination, and 
he shall render every assistance to ensure the purity of the 
water-supply. 

(12) In order to facilitate the adoption of measures for 
reducing the prevalence of malarial fever, he shall have a 
careful survey made of the distiibution of malaria in the 
district. When, as a result, of this survey, he has obtained an 
accurate knowledge of the distribution and relative intensity 
of the malaria existing in different parts of the district, ho 
shall prepare a detailed scheme of antimalarial sanitation 
designed to meet the existing conditions, and shall submit 
it to the Chairman of the District Board fcr the approval and 
sanction of the Board. 

(l.'l) He shall see that vaccination is carried out thoroughly 
and efficiently by the subordinate public health staff of the 
District Board. In the course of his tours of inspection, he 
shall carefully ascertain, in the case of every village inspected,, 
the proportion of children protected and those net protected 
by vaccination, and shall report the same to the Chairman. 

(14) He shall arrange for the attendance, either of him- 
self or of members of the subordinate public health staff, at 
important meins, fairs, religions festivals and agricultural 
exfjibitions in the District Board area, and for the erection of 
temporary latrine accommodation and the protection of the 
water-supply, in order to guard against the occurrence of 
water-home disease. 

(15) If he is of opinion that any trade or occupation or 
the keeping of any goods or merchandise, by reason of its 
being injurious to the public health, should be suppressed or 
removed or prohibited or that action should be taken regarding- 
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Any public nuisance » he shall report the matter to the Chair* 
man» so that action may be taken under section 133 of the 
Oode of Criminal Procedure, 1898, or any other provision of 
law. 

(16) He shall, from time to time, but not less than once 
-every month, report in writing to the District Board his 
proceedings and the measures which may require to be 
Adopted for the improvement or protection of the public 
health in the district. He shall in like manner report wdth 
respect to the sickness and mortality within the district, so 
lar as he has been able to ascertain the same. 

(17) He shall forthwith report to the Sanitary Commis- 
sioner any case of plague, cholera, or small-pox, or any 
eerious outbreak of epidemic disease in the district which may 
be,notified to him, or which may otherwise come or be brought 
to his knowledge. 

(18) He shall, as soon as practicable, after the 31fit day 
of December in each year make, in a form prescribed by com- 
petent authority, an annual report to the District Board up 
to the end of December, on the sanitary circumstances and 
the sanitary administration of the district. 

(19) At least a month before the date for the preparation 
and consideration of the annual budget of the District Board, 
he shall submit a programme of the sanitary works and im- 
provements which he proposes for execution during the 
tollowing year. 

2. Every District Health Officer is entitled to draw travel- 
ling allowance in accordance with the rules for the purpose in 
the Civil Service Regulations for journeys performed on duty. 

3. Every District Health Officer is entitled to the benefit 
•of the leave rules under the Civil Service Regulations, should 
there be no separate approved set of leave rules prescribed 
by the District Boa^d under which he is employed. 

4. The appointment, removal and dismissal of every 
District Health Offic'^r is subject to the approval of the Com’- 
missioner of the Division in which the district is included. 

5. Every District Health Officer shall be directly under the 
orders and control of the Chairman of the District Board. 

0. The subordinate public health staff of a District Board 
will be under the immediate orders and control of the District 
Health Officer. 

{Bengal Government, Municipal Department Circular No, 25- 
29 T. — San., dated the 9th June 1920.) 

Instructions for District Health Officers in Bengal 

1. The District Health Officer shall communicate to the 
Health Officer of a municipality situated wdthin the district 
Any information which he may possess as to any danger to 
health threatening that municipality. 
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2. He shall see that the subordinate public health staff 
are diligent in searching for omissions in the register of births^ 
and as far as possible, that careful watch is kept at burial- 
grounds and burning ghats to ensure that bodies are properly 
disposed of and that every death is duly recorded. 

3. In consultation with the Chairman he shall arrange for 
the delivery at important melas, fairs, religious festivals and 
agricultural exhibitions of simple lectures on sanitation and 
the prevention of disease, illustrated, if possible, by magic 
lantern slides. With the permission of the Chairman and of 
the local educational authorities, he may also deliver, lantern 
lectures on sanitation and the prevention of disease in such 
schools as he may from time to time visit. 

4. Whenever necessary or advisable, or whenever directed 
to do so by competent authority, he shall inspect the sanitary 
condition of railway stations and steamer ghats in his district,, 
reporting the result of his inspection to the District Board, the 
District Magistrate and the Sanitary Commissioner simul- 
taneously. 

5. Every Monday he shall forward to the Sanitary Commis- 
sioner by post, at such an hour as in the ordinary course of 
post will ensure its delivery to the Sanitary Commissioner 
on the following Tuesday morning, a return, in such form as 
the Government or th^ Sanitary Commissioner may from time 
to time require, showing the number of cases of infectious 
disease notified to him during the week ending on the preced- 
ing Saturday night. He shall also forward at the same time 
duplicate copies of the return to the District Magistrate and to 
the Health Officer or Officers of any municipality or munici- 
palities in his district. 

6. He shall transmit to the Sanitary Commissioner, the 
District Magistrate and the municipality or municipalities in 
his district copies of his annual report and*of any special reports 

(Bengal Government y Municipal Diepartment Circular 
No, 307 — 71 San.y dated the 2nd July 1920.) 
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The Duties of Sanitary Inspectors 

1, (1) Control of Conservancy Department , — The principal 
duty of Sanitary Inspectors is to see that the Conservancy 
Department does its work properly. They must therefore 
divide their time between the various branches of that 
department. 

(2 ) Sanitary Inspectors must particularly bear in mind that 
it is their business not merely to order work to be done but 
to see that it is actually carried out. 

2, (1) Inspection , — The Sanitary Inspector must commence 
his inspection at an early hour in the morning when the actual 
cleaning operations are in progress. When passing round his 
ward or town, he must see that the scavengers are at work, 
and that the rubbish is being properly removed and that the 
road drains are cleaned, 

(2) He must visit all public latrines and urinals and a 
large number of private privies and cess-pools. In this 
connection, he must arrange to meet the jamadar of the 
private latrines. Conservancy Department, daily and receive 
his report as to whether any complaints have been made and 
whether the department is working satisfactorily. 

(3) He must no^ consider that his duties indicatea in sub- 
mles (1) and (2) are complete until he has seen the street 
rubbish properly removed and the night-soil from the public 
latrines carried away to the tren6hing-ground. 

(4) He must keep a note-book in such form as the Chair- 
man of the Municipality may prescribe, in which he shall 
record the particulars of such defects in private privies or 
latrines as require action by the owners and of the action 
taken to remove them. 

<5) In the course of his round, he must — 

(a) take note of any useless undergrowth and tanks that 
require clearance, and report the same to the Medical Officer 
of Health [Chairman of the Municipality],* and 

(b) check the muster-rolls of the methars and menials. 

3, (1) Conservancy animals and property , — He must pay 
particular attention to the condition of the conservancy 
animals, seeing that. the goiokhana is kept clean, that the 
bullocks are properly fed, and that all their minor ailments 
are treated at once. 
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(2) If serious diseases, such as rinderpest and anthrax, 
appear in the govohhana^ he must take every possible precau- 
tion and must, without delay, obtain the help of the veterinary 
assistant, if one is available. 

(3) He must also see that the conservancy carts, night- 
soil buckets and other tools and plant of the Conservancy 
Department arc kept clean and in proper order. 

4. (1) Markets, — In the course of his round, the Sanitary 
Inspector must inspect all markets, buildings, ships, stalls or 
places used for the sale or storage of articles intended for 
food. 

(2) If he finds in any market, building, shop, stall or place 
used for the sale or storage of articles intended for food, or as 
a slaughter-house, any articles which appear to be unfit for 
food, he must seize them and report the matter at once to 
the Medical Officer of Health [Chairman of the Municipality]^* 
who will thereupon take suitable action under the Bengal 
Municipal Act, 1884. 

4 A. (1) He shall make regular inspections of cowsheds and 
dairies and report whether they are in a sanitary condition. 
He shall also see that the milk-vessels kept for such cowsheds 
or dairies are properly cleansed and sterilised. 

(2) If when making any s\ich inspection or at any other 
time he detects any contagious or infectious disease amongst 
milch-cattle, especially tubercular diseases of the udder, he 
shall report the fact to the Health Officer [Chairman of the 
Municipality] * and shall take such precautions as may be 
necessary. 

5. Trenching -grounds. — He must visit each trencliing- 
ground at least three times a week, and must see that all 
sewage is properly buried there : 

Provided that this rule shall not apply in towns where 
there is a special Sanitary Inspector deputed to be in sole 
charge of this part of the conservancy work. 

6. (1 ) Births and deaths. — In the course of his inspection, 
the Sanitary Inspector must take note of all births ana deaths 
that he may hear of, and must report them to the Municipal 
Regi‘=‘trar. 

(2) He must also visit buming-ghats and burial-grounds 
once a week, if any exist within his ward or town, and enquire 
into the number of bodies disposed of there since his last 
visit. 

7. Epidemic diseases, — He must at once report to the 
Medical Officer of Health [the Civil Surgeon or the Chairman 
of the Municipality] * the outbreak of epidemic diseases, 
such as cholera, small-pox and plague, or any suspicious 
increase in the mortality or sickness of his ward or town. 

8. (1) Preveniio7i of encroachments on road or drains, and 

S ollution of water-supply, — He must bring to the. notice of the 
[edical Officer of Health [the Chairman of the Municipality] * 
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any encroachment on to any road any illegal covering up of 
the municipal drains. 

(2) He must also report to the same officer the insanitary 
condition of any well or tank, any defects in the water- 
hydrants and the name of any person who wastes the public 
water-supply. 

(3) He must inspect all sources of public water-supply 
and take steps to prevent pollution of the water and the 
spread of water-borne disease by calling the attention of the 
Medical Officer of Health [Lhe Chairman] * to any case in which 
it appears necessary to take action under sections 1 98 to 200* 
of the Bengal Municipal Act, 1884, 

9. SlaughtPT-houses , — He must inspect all slaughter-houses 
from time to time, and must see that they are kept in a clean 
and sanitary condition, and that all refuse is removed there- 
from to the trenching- ground. 

10. Daily report . — In the afternoon of each working day^ 
he must go to the office of the Medical Officer of Health 
[the Chairman] ♦ to make his report and to receive any orders 
that may be given to him. 

He must also report any instance of a public nuisance 
within the municipality which requires immediate removal 
for the sake of public health and safety. 

11. Hostels and sarais , — He must, from time to time, ins- 
pect all hostels and sarais within the municipal area. 

12. Knowledge of certain provisions relating to the public 
healths — He must be thoroughly conversant with all sections 
of the Bengal Municipal Act, 1884, which relate to the public 
health. 

♦ The words in italics within square brackets should be 
substituted for ** the Medical Officer of Health ** in munici- 
palities in which there is no such officer. 


(Circulars Nos. 20'V2-76M,, dated the 29th October 1915, 
and No. 8 San., dated the 28th February 1917, by the Govern- 
ment of Bengal, Municipal Department). 
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Absolute humidity. 324 
Acanthia lectularius, 363 
rotundatus, 363 
Acclimatisation, 308 
Acids, vegetable, 129 
Activated sludge process, 275 
Actual dietaries, 133 
Adulteration, Milk, 190 
Aerated bread, 156 
water, 202 
Air, 55. 

amount required, 71 
composition of, 55 
cooling of, 86 
diseases due to, 63 
examination of, 66 
heating of, 84 
impurities of, 57 
properties of, 57 
purification of, 80 
Alcohol, 208 

actions of, 211 
Aluminium Sulphate, 267 
Ambulances, 890 
Amchur, 169 
Amine process, 267 
Anemometer, 323 
Aneroid barometer, 321 
Animal food, 172 
parasites, 372 

Animals, inspection of, 173 
keeping of, 92 
slaughtering of, 93 
Anaerobic liquefaction, 271, 272 
A. B. C. Process, 2 67 
Ankylostomum duodenale 379 
mode of infection, 381 
prophylaxis, 383 
symptoms, 382 
Anopheles, 338, 340 
Ante -natal care, 525 
Anthrax, 111, 508 
Anti cholera propaganda, 460 
Anti cholera inoculation, 461 

87 


Antiplague inoculation, 456 
Anti polo system, 277 
Antiseptics, 396 
Ants, 337 
Aqua privy, 277 
Arrak, 211 
Arrowroot, 165 
Arsenic, 91 
Artesian well, 10 
Artificial cooling of air, 86 
Ascaris lumbricoides, 376 
Atmospheric ozone, 326 
electricity, 327 
humidity, 324 
pressure, effects of, 319 
Atta, 154. 

Aviator’s sickness, 312 
B 

Bacteria, 332 
Bael, 169 
Bake-houses, 122 
Banana, 169 
flour, 169 
Barley, 160 
Barometer, 319 
aneroid, 321 
Fortin’s, 320 
reading of, 320 
Barometric fluctuations, 321 
Baths, 254, 296 
warm, 296 
Bed-bugs, 337, 362 
Beef. 179 

Beehive incinerator, 223, 660 
Beer, 208 
Beetroot, 166 
Bell trap, 251 
Beriberi, 491 
Berkefeld filter, 40 
Beverages, 202 
Biological treatment of 
sewage, 268 
Birth-rate, 535 

causes affecting, 536 
Biting Flies, 337 
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Bleaching powder, 28, 463 
Blood boiling, 94 
drying, 94 
Body lice, 368 

Boiling, sterilisation by, 26 
Bone boiling, 94. 

Boots and shoes, 302 
Botulism, 138 
Boyle’s Law, 68 
Bran flour, 155 
Brandy, 209 
Bread, 155 

aerated, 156 
fermented, 156 
unfermented, 156 
Brick-fields, effluvia from, 64 
Broad irrigation, 265 
Buffalo-ghee, 200 
gnat, 345 
milk, 188 
Building site, 113 
school, 516 
Burgundy, 210 
Burial, 289 
Burrow pits, 109 
Busteo, 120 
land, 120 
Butter, 199 
milk, 197 

C 

Caisson Disease, 312 
Carbolic acid, 406 
coeficient, 404 
Carbonic acid, 58 
Carbohydrates, 129 
Carriers, 334 
Carrots, 166 
Cauliflower, 167 
Cellular cloth, 301 
Cereals, 153 
Cestodes, 373 
Champagne, 211 
Chappaties, 157 
Charles* Law 68 
Cheese, 198 

Chemical disinfectants, 402 
Chhana, 197 
Chicken pox, 481 
Chigger, 361 


Child welfare centre, 527 
Chimney flues, 116 
Chironomidfe, 349 
Chlorine, 409 
Chlorinated lime, 463 
Chloros, 410 
Chocolate, 107 
Cholera, 23, 111, 458 
a?tiology of, 458 
prevention of, 461 
transport, 459 
virus of, 458 
Claret, 210 
Clavss rooms, 518 
Clay pits, 109 
Clayton Disinfector, 408 
Cimex lectularius, 363 
Cleanliness, 295 
Clearing nut, 27 
Climate, 307 

classification of, 313 
Clothing, 298 

for children, 302 
materials for, 300 
Clouds, 329 
Cocoa, 205 

action of, 206 
Cocoanut water, 207 
CofTee, 204 

action of, 206 
adulteration of, 205 
preparation of, 205 
Cold bath, 297 
Combined death-rate, 538 
Commode system, 229 
Condensed milk, 195 
Condiments, 213 
Conservancy, 223, 
in fairs, 567 
in villages, 556 
Contact bed, 268, 273 
Contagion, 330 
Continuous filter, 273 
Cooking, 137 
of fish, 183 
of meat, 178 
of rice, 160 
Cooling of air, 86 
Corn flour, 161 
Cotton, 301 
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Country, spirit, 211 
Cow’s milk, 188 
Cow sheds, 122 
Cremation, 288 
Cucumber, 167 
Culex, 338, 340 
Culicides, 432 
Culifuges, 432 
Cultivated, soil, 107 
Cummerband, 302 
Curd, 197 
Curdled milk, 196 
Cysticercus, 177 


D 

Dafn, 196 
Daily diet, 116 
Dairies, 123 
Dais, 162 

Khesari, 102 
Dampness of soil, 108 
Daniell’s hygromet/cr, 325 
Dead, disposal of, 287 
Death-rate, 536 
Combined, 538 
Corrected, 539 
Special, 546 
Standard, 541 
Decomposed eggs, 185 
Deep wells, 9 
tube wells, 14 
Deficiency of food, 139 
Density of population, 544 
Deodorants, 396 
Deodorisers, 396 
Detritus chamber, 271 
Dew point, 324 
Diet in India, 141 
Dietaries, actual, 133 
standard, 133 
Digestibility of food, 135 
Digestive Chamber, 270 
Distomum hepaticum, 177 
Diphtheria, 466 
aetiology of, 466 
prevention of, 468 
spread of, 467 
Diseases, preventable, 421 


Disinfectants, 396 
chemical, 402 
natural, 397 
physical, 397 
Disinfection, 396 

practical methods of, 413 
Distillation, 26 
Distilled water, 17 
Distribution of water, 19 
Domestic filters, 39 
Double sash window, 78 
Drains, testing of, 263 
Dried fish, 183 
Drinks, fermented, 208 
non-fermented, 203 
Dropsy, epidemic, 491 
Droplet infection, 334, 486 
Dumping, 221 

septic tank. 560 
Duration of life, 547 
Dust bins, 220 

E 

Earth burial, 289 
Effluvia, effects of, 64 
Eggs, 184 

absorption of, 185 
composition of, 184 
decomposed, 185 
digestibility of, 185 
Electricity, atmospheric, 327 
Electrolytic Chlorogen, 410 
Embalming, 287 
Endemic, 331 
Enter! 3 fever, 111,440 
Entozoal diseases, 24 
Epidemic, 331 
dropsy, 491 

Equifex disinfector, 401, 416 
Examination of air, 66 
of water, 41 
of milk, 190 
Excess of food, 138 
Exercise, 303 

amount of, 306 
effects of, 304 
rules for, 306 
Expectation of life, 648 
Extraction system, 76 
Extractives, 173 
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F 

Fairs and melas, 564 
Fans, 79, 432 
Fats, 128, 172 
Fat fish, 181 
meltinp;, 95 
Feather, 301 
Fellmongerinp:, 96 
Fermented bread, 156 
drinks, 208 
Filaria, 377 
Filter, Berkefeld, 40. 
domestic, 39 
four-ghurra, 1 1 
Jewell, 33 
Mechanical, 33 
Paterson, 36 

Pasteur-Chamberland, 39 
rapid, 33 
sand, 30 
Filtration, 30 

intermittent downward, 264 
Fish, 180 

as larvicide, 135 
cooking of, 183 
dried, 183 
inspection of, 182 
tinned, 183 
Fixed latrines, 231 
Flap trap, 251 
Flat roof, 117 
Flooi's, 117 
Flour, 154 

Flushing apparatus, 241 
Fly, 350 

TIoiise, 351 
paper, 358 

protection against, 355 
stable, 353 
trap, 358 
tsetse, 354 
Food, 126 

absorbability of, 136 
animal, 172 
classification of, 126 
cooking of, 137 
deficiency of, 1 39 
digestibility of, 135 
diseases connected with, 138 


Food fuel value, 136 

quantity required, 133 
relative value, 134 
time for taking, 136 
vegetable, 151 
Foot rest, 225 
Fortin’s barometer, 320 
Fomites, 330 
Formaldehyde, 410 
Four-ghurra filter, 41 
Fumigation, 417 

Gr 

Gas stoves, 85 
Gases, effects of, ()4 
Gauge, rain, 328 
Germicides, 396 
Ghee, 199 

ad\ilteration of, 200 
tests for, 201 
Ghol, 197 
Gin, 210 
Glossina, 354 
Gnat, 338 
Goat, 1 80 
milk, 188 
Goitre, 24 
Grain whisky, 209 
Grapes, 168 
Green vegetables, 166 
Grit chamber, 271 
Ground water, 103 
Gully trap, 252 
Gut scraping, 95 

H 

Habit, 291 
Halowa, 158 
Hardness of water, 43 
Health officers, duties of, 570 
Heat disinfection by, 397 
dry, 397 
moist, 397 

Heating of houses, 84 
Hermite system, 267 
Honey, 171 
Hook-worm, 379 

mode of infection, 381 



INDEX 


581 


Hook-worm prevention, 383 
symptoms, 382 
Hooka, 292 
Hot springs, 5 

House, construction of, 114 
drain, 247 
flies, 350 

foundation of, 115 
Houses and buildings, 113 
Housing problem, 119 
Humidity, 324 

effects on health, 311 
Huts, 120 

Hydrostatic test, 253 
Hydrocarbons, 128 
Hydrophobia, 496 
Hygiene, personal, 291 
Hygrometer, 325 
Daniell’s 325 
wet and dry bulb, 325 

I 

Ice, 4 

Ideal latrine, 225 
well, 12 

Idiosyncrasy, 295 
Immunity, 393 
active, 395 
acquired, 394 
artificial, 395 
natural, 394 
passive, 395 
specific, 394 
Incineration, 221, 235 
of ivfuse, 221 
of nitrht soil, 235 
Incinerators, 221 
Beehive, 559, 568 
Meldrum, 236 
Increased pressure, 

effects of, 312 
Incubation, 331 
Incubation Test, 278 
Indian corn, 161 
Infant mortality, 541 
Infection, 330 
carriers of, 334 
modes, of, 333 
restraint of, 386 
Influenza, 499 


Ingestion, 334 
Inhalation, 333 
Inlets, 76 

common forms of, 77 
Inoculation, 333 
Insects, 334 

characters of, 336 
Inspecting chamber, 248 
Inspection of animals, 173 
of fish, 182 
of meat, 174 
Intercepting Trap, 249 
Intermittent spring, 5 

downward filtration, 264 
Iron Protosulphate, 267 
Irrigation of soil, 109 
broad, 265 
Isobar, 322 
Isolation, 388 
hospital 390 
private, 388 
Isothermal lines, 317 
Izal, 406 

K 

Kala-azar, 438 
Keeping of animals, 92 
Kefir, 198 
Khesari Dal, 162 
Khichri, 160 
Khilat, 197 
Khir, 191 
Khus-khus, 86 
Koumiss, 197 

L 

Land springs, 5 
Larvicides, 434 
Lathy riasis, 162 
Latrine, 224 

collecting chamber, 226 

fixed, 231 

floor of, 225 

ideal, 225 

movable, 231 

pit, 228 

public, 231 

receptacle, 230 

roof of, 225 

seat of, 225 

trench, 229, 658 
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Lead, 89 

Action on water, 18 
Lean fish, 181 
Leather, 301 
dressing, 96 
Lemon, 215 
Leprosy, 503 
Lice, 368 

Lime, 28, 267, 404 
Louvres, 78, 
liernur’s pneumatic 
system, 262 
Life table, 547 
Linen, 301 
Lodging houses, 119 
Long hopper closet, 242 
Lysol, 407 

M 

M‘Kinneirs ventilator, 78 
Made soil, 107 
Maggots, 351 
Mai da, 154 
Main spring, 5 
Maize, 161 
Makkai, 161 
Malaria, 421 

aetiology of, 422 
distribution, 420 
Estimation of, 428 
parasite, 425 
prevention of, 429 
protection agains,;, in 
villages, 561 
rice incidence of, 422 
quinine in, 436 
Malignant oedema, 112 

pustule, See Anthrax, 420 
Malt, 161 

liquor, 208 
whisky, 209 
Mango, 169 
Manhole chamber, 248 
Margarine, 199 
Marine climates, 314 
Maximum thermometer, 318 
Measles, 482 
Meat, 172 

characters of, 175 
common forms of, 179 


Meat, cooking of, 178 
digestibility of, 179 
diseases due to, 176 
inspection of, 174 
preservation of. 178 
Mechanical filter, 33 
Melas, 564 

Meldrum Destructor, 222, 23fi 
Meteorology, 315 
Microscopical examination of 
air, 70 
of water, 47 
Mid-day sleep, 294 
Mid-feather trap, 251 
Midges, 319 
Milk. 186 

adulteration of, 190 
composition of, 186 
condensed, 195 
curdled, 196 
digestibility of, 192 
diseases due to, 189 
effects of heating, 191 
epidemics due to, 189 
examination of, 190 
preservation of, 191 
supply, 193 
Mineral salts, 129 
water, 202 

Minimum thermometer, 318 
Mixed diet, 133 
Modes of infection, 333 
Monsoon, 323 
Mortality, infant, 643 
occupation and, 645 
Mosquito, 338 

breeding-places, 344 
habits of, 342 
netting, 431 
proof clothes, 432 
proof houses, 431 
protection against, 431 
species of 338 
Mothers, protection of, 524 
Mountain chimates, 314 
Movable latrines, 231 
Muscidjc, 350 
Mustard, 214 
oil, 215 
Mutton, 179 
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N 

Natural disinfectants, 397 
immunity, 394 
Negri bodies, 499 
Nematoda, 376 
Nesfield’s tablets, 28 
Night-soil carts, 233 
collection of, 232 
depot, 233 
disposal of, 233 
incineration of, 235 
Nitrites, 45 
Nitrates, 4 5 
Nitrogen cycle, 105 
Norton’s tube wells, 9 
Notification, 387 
Nut, 170 

clearing, 27 

O 

Oats, 161 

Obstructed drainage, 108 
Occupational Diseases, 89 
Occupation and mortality, 545 
Oceanic climates, 314 
Offensive trades, 91 
Oil, 151 

mustard, 215 
Open air privy, 229 
Outfall sewer, 260 
Outlets, 76 
Owl -midges, 345 
Oxyuris Vermicularis, 377 
Ozone, 29, 56 

atmospheric, 326 

P 

Pan closet, 241 
Pandemic, 331 
Papaya, 170 
draper making, 96 
Parasites, animal, 372 
Passive immunity 395 
Pasteur-Ohamberland filter, 39 
Pearl barley, 161 
Pedi cuius, 368 
Pellagra, 140 


Pent roofs, 117 
Porchloride of mercury, 404 
Period of infectivity, 332 
Permanent hardness, 44 
latrines, 231 
Permanganate of 

potash, 27, 40T 
Personal cleanliness, 297 
Phenyl, 406 
Phosphorus, 90 
Phlebotomus, 346 
Personal hygiene, 291 
Phthisis, 484 
Physical examination of 
water, 43 
disinfectants, 397 
Pig. 179 
Plague, 412 
bacillus, 443 

conditions favouring, 447 
means of spread, 446 
modes of entry, 444 
prevention of, 448 
Plantain, 169 
meal, 169 
Plumbism, 23 
Pneumatic system, 261 
Poison, rat, 454 
Pollard, 155 

Population, density, 644 
estimation, of 533^ 

Port wine, 211 
pot barley, 160 
Potato, 164 

cooking of, 165 
swo(5t, 165 
Poultry, 180 

Preventable diseases, 421 
Privy 224 

roof, 224 
Proof spirit, 208 
Properties, of air, 57 
Propulsion system, 78 
Proteins, 127 
Ptomaine poisoning, 176 
Public latrine, 224 
Pulicidee, 359 
Pulses, 162 
Purification of air, 80 
of water, 24 
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Q 

<).iiarantine, 391 

objections to, 393 
^Jiiinine, 436 

R 

Rabies, 496 
Rainfall, 327 
Rain gauge, 328 
water, 2 
Rat, 445 

elimination, 450 
destruction, 454 
flea, 360 
poison, 451 
trap, 455 
Rate, death, 536 
Rediation of heat, 84 
Refuse, collection of, 219 
disposal of, 221 
in villags, 550 
during fairs, 569 
Relative humidity, 324 
Residential quarters, 119 
Restraint of infection, 386 
Retentive soils, 108 
Revaccination, 474 
Rice, 158 

cooking of, 160 
country, 158 
parboiled, 168 
white, 158 
Rickets, 139 
Rideal-Walker test, 404 
River, 16 
Roofs, 117 

Roots and tubers, 163 
Round worm, 376 

S 

Sago, 165 
Sand filters, 30 
flea, 361 
fly, 344 
pits, 109 

Sanitation, village, 652 
Sanitary inspectors, 

duties of 574 

Scavenging, 219 


School Hostel, 520 

medical inspection of, 510 
inspectors, duties of, 513 
Schick Reaction, 467 
Scotch barley, 160 
Scurvy, 140 
Scats and Desks, 519 
Segregation, 390 
Separate system, 256 
advantages of, 256 
disadvantages of, 257 
Septic tanks, 268 
Service, privy, 224 
Sewage, 230 

analysis of, 278 
biological treatment of , 268 
characters of, 281 
chemical treatment of, 266 
disposal of, 262 

by dilution, 363 
by purification, 264 
farming, 265 
removal of, 239 
Sewer, 256 

air, effects of, 65 
cleansing of, 258 
disadvantages of, 260 
inspection of, 258 
outfall, 260 
ventilation of ,. 260 
Shallow wells, 7 
Shell fish, 182 
Sheringham\s valve, 78 
Sherry, 210 
Shoes, 302 
Shone system, 261 
Short-hopper closet, 243 
Silk, 301 
Simulidae, 345 
Sinks, 254 

Six*s thermometer, 317 
Slaughter house, 93 
Slaughtering of animals, 93 
Sleep, 293 

Slop water, disposal of, 238 
Sloping roof, 117 
Small -pox, 469 
Smoke test, 253 
Smoking, 292 
Snow water, 4 



INDEX 


585 


Soap, 295 
boiling, 95 
soft, 295 
Socks, 302 
Soil, 101 
air, 102 
bacteria, 105 
dampness of, 108 
diseases from, 110 
irrigation of, 109 
made, 105 
pipes, 246 
temperature, 104 
varieties of, 106 
Solar radiation thermometer, 

Q 

Sooji, 158 
Sour milk, 196 
Spirits, 208 
Sporadic, 831 
Spot maps, 391 
Soraying, 416 
Springs, 5 

varieties of, 5 
vield of, 6 

Sprinkling Filter, 268 
Stables, 122 
Steam disinfecting 
station, 400 
Standard dietaries, 133 
vegetarian diet, 142 
Stegomyia, 339 
calopus, 339 
Still births, 536 
Stomoxes, 353 
Storage of water, 17 
Stoves, 85 

Streaming filter, 273 
Streams, 1 6 
Subsoil, 101 
water, 103 
Sugar, 171 
Sullage, 239 
Sulphurous acid, 407 
Sunshine, 326 
recorder, 326 
Sweet potato, 165 
Synoptic map, 322 
Syphon trap, 251 
Syphonic closet, 242 


T 

Tallow melting, 95 
Tanks, 15 

in villages, 555 
septic, 270 
Tape-worm, 373 
Tapioca, 165 
Tea, 203 

action of, 206 
adulteration of, 204 
composition of, 204 
preparation of, 204 
Temperature, 309, 316 
effects on health, 310 
of soil 104 

Temperate Climates, 314 
Temporary hardness, 44 
Terrestrial thermometer, 319 
Testing of drains, 253 
Tetanus, 112 
Thermal springs, 5 
Thermantidotes, 86 
Thermometer, 317 
maximum, 318 
minimum, 318 
Six’s 317 

solar radiation, 319 
terrestrial, 319 
Thread worms, 377 
Thresh’s disinfector, 402 
Ticks, 365 

Tinned n.eat and fish, 183 

Tobin’s tube, 78 

Toddy, 211 

Total hardness, 4 4 

Tfenia, 373 

Trades, offensive, 91 

Traps, 250 

position of, 251 
syphoning of 252 
varieties, of, 251 
Trenching-ground, 233 
Trench latrines, 229 
Trichina spiralis, 176 
Trough closets, 245 
Tsetse fly, 354 
Tube wells, 9, 14 
Tuberculin test, 487 
Tuberculosis, 484 
in animals, 177 
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Turmeric, 216 
Typhoid fever, 440 

U 

Ultra-violet rays, 30 
Under proof, 208 
Unfermented bread, 156 
Upland surface water, 4 
Urinals, 254 

V 

Vaccination, 471 
age of, 474 
instruction to, 473 
operation of, 473 
phenomena of, 475 
Vaccine, lymph, 477 
Vacuum thermometer, 319 
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systems of, 75 
vacuum system of, 76 
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yield of, 11 
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^inth Edition 


Now Ready 


A Treatise on 

Materia Medica and Therapeutics 

Including Pharmacy, Dispensing, Pharmacology, 
and Administration of Drugs 

BV THE BATE 

RAKHAL DAS GHOSH 

NINTH EDITION BY 

Lieut.-Col. B. H. DEARE, I.M.S. 

* 

^Principal and Professor of Medicine, Medical College of Bengal ; Dean of the 
Faculty of Medicine and Fellow of the University of Calcutta 

AND 

B. N. GHOSH. F. R. 'F. P. S. (Glasg.) 

Examiner in Pharmacology, University of Caleiitta\ Fellow of the 
Boyal Society of Medicine ; Author of A Treatise on Hygiene and 
Public Health and Handbook of Pharmacology 

Crown 8vo. Price Rs. 7-8 or 10s. 6d. net. Full Cloth, 712 pages 


PRESS OPINIONS 

The Lancei , — *^The major part of the book is occupied by 
a detailed description of the official remedies, and many 
unofficial ones. Their nature, source, general characters, 
official and non -official preparations and doses are given, and 
then their pharmacology and therapeutics are discussed. 
Mr. Ghosh’s book is a most useful work of reference, and 
as the material is well arranged and the information given is 
generally reliable, it should prove of value to the practitioner 
as well as to the students.*' 

The China Medical Journal . — “ For size, information con- 
tained, and the interesting and convenient arrangement of 
the same it is the best we have seen. We most cordially re- 
commend it as a book to be used.” 



A valuable hook for students and vade mecum 
for practitioners 

JUST PUBLISHED 

HANDBOOK OF 

PHARMACOLOGY 

INCLUDING MATERIA MEDICA 

BY 

B. N. GHOSH, F.R.F.P.S. (Glas.) 

Examiner ill Pliarma oology , University of Caloutta ; Editor 

Ghosh’s IVIatena Modica and Therapeutics : Formerly 
Professor of Pharmacology, Carmichael Medical 
College, Calcutta 

This book has been written to meet the requirements of 
the students of the dilTerent schools and colleges in India. 
The author has utilised his wide experience as a tc^acher and 
an examiner to make the work a concise and reliable text- 
book for those studying for the dift’erent examinations. It is 
a valuable guide during revision. 

F *Cap. 8vo Full Cloth, 396. Price Rs, 4/-or 65.-6d. net. 

Press Opinions 

Therapeutic Gazette “ It is a very excellent little manual 
describing drugs, not only from the stand ])oint of Materia 
Mcdica, but quite adequately their direct application in 
Medicine, idie text is so good that we believe it will be worth 
while for many of our readers to send to the publishers in 
Calcutta the price which is named above. 

The Lancet . — It is useful as it supplies in assimilable 
form the concentrated facts which have to be learnt before a 
man can practice successfully or even safely.” 


HILTON & CO., Publishers and Book-Sellers, 
109, COLLEGE STREET, CALCUTTA 

Telegram : Therapy Calcutta’’ 













